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(74)«aA 


^fffl± ft* a (^3^) 



(54) im^m] t-V7.}vt^>?^^^m!kmmmt^<o9m^m 

(57) mm] 

1 ^ L 1 0 mm%^^^nxts mr^v tf=/v 

t°n y KV® 5 ^iV^ L 5 0 %;*57fc};i B]•^^4-e& t) , t)> 



*3 19 . RjK y t-=;vt°n y K>'co 5 ~ 5 0 %;JS7KiriiT^ 

K>-WjilS^5 3 3 4 0 %T'fe5W*« 1 |E«rojK 
y ;^/^* ^^^MiLM^'ftiMo 

3 ] cf^^Mf^W^r 4 0 %r;v=i-;v^mm 

5 1 is«® y ^y^^^^mimmtm. 

[»*3S4] *^*JKrt«ffil;:0. 8i:tm£i_h®§l^ 

[se>RJl5 ] 2 ~ 1 5 M m-C&S 

r i: ^d: Wi:-r5it*li 1 iaft«4^° y J^^/W*^^^^* 

[»*3i6] ^y ;^;v*y^j3^y-T-?ri 5~2 ofi 

y tfc^/nfp y Kvrofiijt*:*?^ 2 5~o. 5-efc 
5^y-^-^is^fflv^-ctf>^*K^«&*L/c«. tia^t 
J; "^Mffi^*!! ^'toJi^y fc^/vti'p y F:/ 

soffit LfcS. l5cWII^Ji*tb-t4f y t-^;^t°^ y K 

r t t-rsii*^ 6 IB* 

y^-®S^ifit«^^!S«?l^»^J-r-fcoT;Ky b'r^/V^ 

-efeD. ^y ;^/^5}^>'^5Ky•r-<D^^^^57RT'fc5' 

[ifjjiJlio] 3 o~i 6 ot: 

6 E«© y f ^*Sjiaf«^^[i)»®«5t 

[|»*3S 1 1 ] r;v=i~;v^mmffi^') -ir y 



[ft*3S 12] y y ^-do itj?*" y 

1 5 0 0~6 0 0 OmP a K77h 
^1. 1-1. 9. atm^jg^g Om/mi ntiTT'lS 

*-r5ii^#st-r5 ft*]i 6 ia«cD7K y 

[0 0 0 1] 

[0 0 0 2] 

;;^T-trx-h^. /Kyr? K^. *°y y n:=^ h y/v 

#y l^-:n/VT/V::^-/V?=, y ^ f-^V^i ^ ^ y V~ 

Y^. zKy;^/v*>-fu 4^y:^u7^ vj^/^eifrosKy-r 
-;asffiM§^X'TV^5o 4'T't,/-Ky ;^/v4^v^jKy-r- 

[0 00 3] L^^ ?K y x/U/J^ v?,;^ y -v-iiiBIAtt 

[0 0 0 4] ^^-e, ^Ky y-r-^^t,j5g5 
y v3SjK y -T-(i«7Ktt^ y -r-^'&^rs^/cs 

[0 00 5] #^Hg 61-238306-^, |b!63-9 

7 6 6 6-^(c:t4, jKy ;^/v*i^^^y-i'-. a^ttJi^y 
S7Ky;^/^^J^^m^y^-^^:^LT^»K%L< 
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#MBg6 3-97205-^, |rI63-97634 
#PS¥4 - 3 0 0 6 3 6 mat. JitB*ffiT«$ 

[0 0 0 6] ^pjpe-l 6 5 9 2 6^T'ft. :^V^~V 
[0 0 0 7] Vyy bi^SLTd, !|#^ip5- 5 4 

3 7 3-^(::i$7XttJKy-7". «*tt5Ky-^-*3it/^tb 
fc, U -^-Sr 1 ~ 1 0 b, ;5^o, 3 

~i o%®B^7Ktg^^*t-5ife?^*aaffloit^^»6ros 

6 5 9 2 6 7 b Sr;k;# < Lfz 

7 b(±fifir2~5«|Sffl{;^:S$fL5. tfcSiis^ 

5 <!f ® P-g«.S $ 5 o 

[0 0 0 8] ffiip, :gW-^#SE©SH t LT< |3 2 - 5 
^n^-pT'y^' (iS^ -MG) #cDj£5^^Med5^tf?, 

[0 0 0 9] 

Lt^h. MCD5^1ll#tt^gfe^L/c;}fy;^7Wj}^i/^«?^ 
[0 0 10] 



(&,r. pvptv^5) ^^*-r5f^*«j}«y^/v* 
pvp(Dmm>^h\c(i^^£\/\ mmi'i'^^m^mmx 

^K(DMi5Li:^m§:<n 0 ^ t(DX^ ^6^m\t(Oz^^- 

[0011] -t^iioh. ^mmii. mwmic-^mmm^ 

#y t-r^/wfp y Kv^-a*-r5*°y ;^yv*>'^^'^* 
mskmrnmi^^i'^x. 4^ y t-::^/vt°p y k^^^ 1 /J;v^ 

Ll 0fil:%^^-^^xT*3!9, R*°y \f=./v\i'v^J KV 
c05^iV^b5 0%dSzki-^f#l4T:'fc!9. ^^o. rt^ffiw 
jKy br:^/Pt°n y KVCOig^^^Ss 0%;ii^e.4 5%(D^m 

(cfe 5 i i: i: -rs y >'^i6L?S#'ft;M-efo 

[0 0 1 2] *»B^f4*fc, 5j<y ;^;^>^^y?^5^^y•r-^ 
1 5-2 0fi»%^*-L. d^o. ^y ;^/P:^^v?^^y-r 
-(-*l-r?>*?y y K^oSiWjiSo. 2 5 

~o. Bxh^yf^v-^-mm^m-^x'pm^.m^m^L 

[0 0 13] *|gB^t4$e5lc. l&*«<©'f^^)!S^, 

y y t ^^^©fS-g-^^JT'fo 

oTJ^y K'^/Vt-n y Vy^^mt^MM-^tcitT/V'^' 
-;V^mm t:-4^ y t° P y K Srft w u Tgfc#-r 5 
ii:^»mt1-5^Ky^/^J}^ V3Si6L?^#'f[il^cD»[3g* 

*3j;tJ«, jKy;^/vj}^>'^jKy-r-ioj;ut;Ky t'cr^yv 
ifD y Kv^rixf,w*a^SJ}r^<iSLfc*Affi;i5i 5 0 

0~6 0 0 OmP a • #<D*&*J[f?S^^ K77b*l. 
1~1. 9. etm^3i^9 Om/m i nOT-t?*fe*-r5 

r t ^mm i: ^5 y x/^* 

[0014] :^mmxn 5 jj< y ^^^^jj^ y -7- 1 

[<iiii 
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CH3 



CH3 



[00 15] tfc, *l|BJOPVP!4. N-t^-zUfn 

U K y ^ t- =/vi-a- $ *fc7kM4« ft5>T-^t:^fe-c & 
-e. *fc. t-- . ^- . . ^7ttJ; ig y k>-j 

^Aii>&^t. JfiL?Slcgtti-5tfs^*Kf^SffiraPVP 

5(-. *^*M*copvp^;^i^^t<-f5(cfi. m 

mm^i-^ y}< y -7-^stp(7) p V pm&^m < -rtt« 

5„ ^(Dfz^, ^^^?a-etiif^*iftf3(iPVPiii~i 
oa:*%©tefflT''f ^#;jRic^*sti5o L< i± 

2. 5~8m»%co|SHr'fo5„ 
[0 0 16] ^'^^JKtfcoPVP^**!!. ^^JoiD? 

^^m^WM%-»:^^n-rVyyy^~X-'j}^\^. PV 
P S *co t°- Sr^t(f1- 2) :i 1 ± o T 5 

pvp(47K}ii^(t^l-v^jKy-r— e& 
spvp^-r-^-c^^fb-rsi:. ^^^m^h(omm'i 

<Dfz^:^%m-<}\±^ PVP(D-^Srlg^(rJ;f9 7Fm^ 

[0 0 17] *f5r^tt©PVP»ti. 5?fl|(CJ;oT^ 
^fl;Lrv^;S^^JIcpcDPVPSr•foor. ?fe(Dj;5!-L 
x^^hfi^o ■r^£t>h. tp^^lS^N-Tif^/v— 2- 



5, »Bm. #e5^6Ji?f»^'®PVP»SrM*i'D^ 

7feHT-f±, mmmoMyn^xh^ . pvp^^^-ts^k 

y;^/v*>'^>f^^MT-(4. )^l^^ffiOPVPSS:i5^ 

pvpmmmi-€?>t. pvp <Dikm^-^<DmmAf)> 

^^^?>o b/ci55o-C. 3^3S?|-e<DMrt|gfflPVPCO« 

mt. 3 0 %~ 4 5 % ro^ffl-efe 9 , * L- < 3 3 % 

~4 0%T?fe5„ 

[0 0 18] 4^S*8IrtSffi®PVPiSffi{*, x^3ta 

(ESC A) l^io-t^S^lxSo -r^'jJt?*.. 

ESC A(Dm&li. ^ftSri^ffir "7°J: 

L. a^(o:^ffiT'fflte-r5o i-T'^^pt.. ci s. 01 

s. Nl s. S2p:^-<i^ h/^omm^Hi.'O. gB# 

^(^mmmm (b) 

^ffiPVPS[S = AX 100/(AX111+BX44 
2) 

J;i3SffiPVP«g^ffHli-5„ 

[0 0 1 9] *^B^-e}4. tfi^*K^>t.CDPVPCO»m 

m-m^3 7'cx4mmnmLx^ jiii/ii^tLSPVpa^ 

Wim^^ ^.tizX^ Wf5$tL5„ i-JJi'UKf^ t LX. 3 7 

IK . «lffl$^x-5PVP©^»^silLV\ 40%3i^'y 
[0 0 20] 5f:^?J3-e(±. ±M&® J; 5 1- P V P ©— §|5Sr 

5„ ^e^t^, 4>^*i^/5>b(DPVP(DMW 

^^jqiftij ^tt. tp^^jgrtW^ 4 0 %T7P3-/V7K^fg-e 
««ttt±iLfcl^ro!Ky lf=/^h°P y KvcD^mi:^^ M 

[0021] *Bi3l!®jJf y 

(a) jKy;^/v*^^3Ky^-i^^K('# 
* L7Kgfe^f^*Sfe»*!ia-e^S K^* :^ ^ 5 P V P . 

(b) jKy ;^/^*>'^^Ky-7-;Bi^(c||<^^^JA^f 
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p. doitF (c) ;^;p*^3^5}f y-r-lsii^ir^ti/^a 
Ay-r-V ^Tfttli^* $ ti*V ^ P V P LTV ^ 5 i: 
^tl6o t^5fe»S»T'(4. (a) ^-l':/®PVPSrgfe?% 
^5feT-tfci: LT%, (b) f4-:f<DPVP<Dmm^+ 

/iv^pvp^5^^^c^t^LT< 5fc#x.e3tb5o ^mm 
Tit. ifd^e)CDPVpco)§m^«/>$-&57c*. (b) 

[00 2 2] *»Hjrogfei^K^*cDm 1 (D:)fmii. SSKL- 
*>^»^y^-^Wt:S*, PVPcoj(tftffi»tt^rB)-h 

[0 0 2 3] BKW^^TfflV^bixS^Ky ^^/V^^-^jK 
y-r-©A^|«i:LTf4, i^^9^;vrir hr$ K (« 
T^ DMACi:V^5) . N-;^^;i'-2-tfD y Kv, 

— ;K 7°nt:Vu-/nt°U^^'y 3— ;K "rhy^^i-^ 

p>tb6o r©jKy>^/vj^y»jKy-7-©s^ffit«^ffi 

M^^oT< 5fc2*)-li(c{m*P^ti^cv^;^\ ^Ky 
^-^jKy-r-roSi^li^s 0-9 saayoiurffiffli- 
ScD^s^f^tv^ 3 0~6 04*%(DDMAC 
T^mm. 3 0~6 OMl:%(DN-;^^/Hfo y Kv^tc^ 
m. 5 0~9 5M»%®DMS07K»?S'feif:*5^V>f5tl 

5o *fc. :4<y;^>'^5}^>'?S5Ky-r-rafi:^^^JKy 

'e^^St5^j;v^^s, *°y ;^^v*>'^/-}fy-=?'-(7)^^S«7K 

1 0~9 8t:;i5^*LV^^Sla■e&'9^ 3 0~9 8t:!5S$ 
P>('»*L<. 5 0~9 5t^5a^LV\ 

[0 0 2 4] ^mm(Dm^m^<Dm2<Dijmn. mmi^ 



■^-n^^mm ii < la^jx^ix/t p v p -^r^ 

-r</^Sii:ti^. PVP»te«3fiit;5S^t</j;5„ r 
<D±m^. *gfe^f^*gfe®^!!!aT'^4i^£LalV^PVP;4S 

rco/cfc. :$:^?f5T(tl 3 0-16 0 °CT-(Z)gfe#^a;a;SS 
^S^tSo a^SL.<(ll 3 5-1 5 5°CT&I9. ^h\C 
^f*L<f41 4 0~1 5 O'C-efeSo 
[0 0 2 5] *^?i-Cffiffl-etST/L'='-/i.^^^J[l, 

y-fey^/jS»^L<fflV^f5lx5„ -;v^«SJ 

iiLT. K^*^^^^1-v^PVPtte:*M^«w^S^K^* 
[0 0 2 6] Sfc. ^lco;^ffit»2tD:&ffii:t>}^. 

m^mtLxrB'D:)fm7!)>mmx%?>. (d gfeif^MSr 

(2) m'^ummmLtcmmm-m^mm^^^. 

( 3 ) t^'^E-ffl/jticj^sg Ltcmrm^mic->^' v—r^ho 

(4) lS/^?aa(;i«Lfci5t'm«ip(::Jif^*^T§*?.o 

y^mf^ttiii, (1) ~ (3) co*Sr'}±, lO^JgilJi 
«W*L<« 3 0 4>£;l_h^S$P,}c^f^bV\ iiJ^ 
%Wtfi:^ (4) iC^oV^Ti±. j^eB^ff^iU 5#fi>lJiT 

[0 0 2 7] 7^|g?^®JKy y^/l'*y^tp^*®ji[LM#'fb 

!Ky;^/wj^v^sKy-7- (7^>^y/p) ^st^^^igifiiiti 

i' ioT. r(D7^-7'y/HI§^sg|§a^.^-f^co|ll|?;4S 
[0 0 2 8] ^K4}•^co^5v^^^^^(±. ^«5>^«^t 
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-Sroifg-CISfJt), Pi^jSW^m\ 5Ky-^-g|55)-;55£ 

i^m-^ (.mmm) sr*j?)5„ icoftf^^cf^^^^rtfin 

llJi*iii#<»w©ta^o. 5~i. 0 matLxmm^ 
[0 0 2 9] Sf®^iiii|t+tf4#g«3g^x>r'iftB^$ix 

6>rt. m^-i^xiim^m.mm7iofix\^^?>t^x.^. m 
mi'vmmim^i^x\/'^6*K -o®ji^iit3±(fs 

i-fx%fcm'S^7^i-A\ ^^mim'i'^'^:k^ < ^i-Dtzffm 

[0 0 3 0] ^H#tt©v^^-7°${C!4. iSS^^^ilJi© 

^'J^L±lfxm^^K<DmM\t^^< LJ; 5 i-rsi. 



< -r^'Sfc*. :*;|S0J!-Ctt. 2 ^ ni~ 1 5 
nmXh?>^ti)^i^^mxh'0. $bi-^f4L<{±3 /tm 
~12/imT'fe9, 5 /tm~l 0 Mni^SJ;9a^bV\ 

[0 0 3 1] mwMm(Ditmit. 'p^^mmw-ho 

^<DX^ KrtTLroag^fjrol^HtJSSJiLM'pcDgeroK 

[0 0 3 2] *^9i(C*5(j-55Ky;^/L'>}^>'^(f>^*Mji[L 

jKU -^-fciu^P VP ^*(c^lW-r.5* 

ji^lKtUrti. Mx.fi. DMAC. DMSO, N-7« 

y^-. i>:^^•^^y^®#S»^ffife5V^^4J:IS2SJ^AJl 

[0 0 3 3] 'imw.m^&i^m'^^hWr^. 

iris* P^tfr©ffi;^/as_h^s ■f^\ ^j^tm^^ff^X^fj: 

fil500~6000mPa • |J>:a5£^Sr-& 9,200 
0~4000mPa • |J>cO$fiffl;as^* bV\ :*;^B^T'H 

[0 0 34] m^m^<o'^s.it.. p V p 

ISlStt>©jK y ;^/vjf:>'3S7K y -r-do itjtp V P 

fi^tJ^i^^^^i^-To ^mmx\^. ffiv^5Iiipftrs^^c 

Sfcfe. 1 5~2 0fiS%-efe5r i:^S^f*L<, 16 
~1 9S»%T'&5r t;as$P,t^f*LV\ L>O^L. r 

(Dmmxh^T.tiim-^x\±f£<. ^mt-f^^'^M9: 

©ttit^i:: i o r (± r cotSH J; 9 /h :^ < -r 5 :i 1 1> ^ t < 



[0 0 3 5] p V p ^Wi^mm^mi3D-r?> smn. 



14^#J|--r 5 ® P V P tp^^i^Htp ^ * 

* 5 V b < , ^^\^ J; o T 

^«$ti-5KHiS;a5 8 8~9 5, L< }48 9~9 4;SS 

[0 0 3 6] 
[Si] 



_ ^SOOClogZ + (C + LSClogZ)^ + LSClogZ - C 



[0 0 3 7] i&*iii>?«^'«^!;;^;v5}^>'^5}f p 

V P ©iB^ftifi, #6tb54'^*l^®rt^ffiP VPitiS 
y^jKy-7-i:PVP©te*ti©it:4i\ P^^ffiic-^rco* 

y 'r~\Z.n-fi> P V P (Ofifl;fck5$555S/>/j;-f tr-^^^, 

«ffiPVPie*^s_h^5fc.>iv\, zK'J .x/^*y;f;.-K 

y t T P V p (rm&mm^-f^^^^t. 

4'^*rt*ffiroPVP«a?r3 0%~4 5%\ChX0t 

5PVProfi*J:b*^\ 0. 25/'<ei>L0. 5. 
<t40. 3/=eV^L0. 4 8. $e)f-M*L<(40. 35 
tSV^LO. 4 5-efe5r t;4S£>S-t-fe5o 
[0 0 3 8] tfJ^rtKH*. S/ctt*Sr±#:t L/c^H 

mtmMici$.^^ni>o mx^it. o~6os»%6odm 

AC7^mm^£ t't^m->hfl?)-A\ #1^0-4 o 

&5ri:m*tv\ '^^^m^mmi-?>imL-xit^ 

t^mmK^^K^LlUL. 2 0~8 0 cmra^^gp^ 

[0 0 3 9] ^^^0;5tri/^5l** b>^i:!4, 

ntmmmmxmotzmxh?>. m^m^vyyvm(Dm 

--6 0 nmXh^o ^(Dt'^^ W^Vyy 



^m^i&<m^i>'tx\ h?>nm-i^»'^mxh?>r> 
+^xfih\ Lfc^so-c. ^mmxii. ^^Y^yyvm 
(41. 1 ~ 1 . 9 ^Si£:^s-efc !9 . 1 . 1 ~ 1 . 5 ©tSH 

[0 0 4 0] :z-xnoWM(vn±iMmm!itu. ^mm 
im^a^i)^h^^mm^f±m^n6m(DmM&x\ ^ 

9 Om/m i nJ^T-efeS:: t;a5j£JS-efol9, 7 0m/ 
mi n^T-e&5rt;aW4b<, S t.f-(4, 6 0m/ 
m i n«T-eab5ri:;aU?)&*LV\ 

[0 04 1] 2fe{cs^-rJ; 5 

v^t«H^(::5Ky ;=^/^^i^y^^y •7-o#tl);4Sffl];t b 

tb. m^n^rxMimm^ ^Wi^\c]:t^xmu^mm \tw- 
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[0 0 4 2] ±.ni<DXoKVX. m^^iv. ^^mhiv 
i 5 gfejf-e^SJdB J; ximmti: PVPiim^^fi. 

mmm^^l 5 0 0~6 0 0 OmP a -©Xr^SL, W 
^a^^^b(0\±tiim^m^9 Om/m i nSXr(D^W 
T:\ »*K5^7h^^l. 1~1. 9£iT(--r5^tT' 

[0 0 4 3] 

^)^$*fc^Ky;^/^5}^v^SKS^i4»^*«l 0 0 
:*:^>f5Jfe5 5=^s;'^-^^ (f^g2 5cm) ^ftiz:j5g 
SUL, 2 0 OmmHgcOjI;^l^ft«'f)i:-7n-ffii::ra 
7jc4^m 1 /H r /m^ /mmH g wWi-CSJ^ Lit, 

OffiV^-Rm^raiJSLfco ^SaatlOR I ENTECttT 
ENS I LON ; RTC-1 2 1 0^;1V^, "f^^lK^ 

t Lfco 
[0 0 4 4] 

;^ . T'n^^yli^^ P-1 7 0 0) 1 7«ig|5^ 
t'^^/Hfta ]} (K"- • 3i- • • K- 
9 2) IMA^. DMAC7 6M§|5:a^e5>'i5J$-'fe«& 
*Jg?S^{^jS LfCo r 6 5 tt? 3 4 0 

OmP a • sXh-ofCo rro^*il?R^6 SttC-fSo/c 
1 5%DMACK)(p^rt?Ki: i:^>(r;^!J bi|g5 
9. 5Mm<»lR:KP^d^P>5tWL. 6 0 c mT:^(C^(t 
fc5 5t:©*tpta*L. 7 Oiii/min(?)igftT-#^S{o 
fc„ %«lt©tp^*Sj¥5r 4 5m irilc^i3*5 i 5 

9. 3m/ml nfcT^^f). K^^h^ftl. 4 2T'feo 

4 0SS%«DMAC*^?S&8 05>v'^y— Lfco 



■^-b y |^A6 0 0 p pmt^^-^- hy'^ASOOppm 
?r^»$-&fc*^Mi^m«$*. 2 5 kGyWrH^M 
ML, sKy;^/v*^^jiii?«jfft)lf&#fc„ 

6 0 nm(Dffl#^a>^■*f^^fi!cL, TEM (JEM2 0 0 0 

FX) mm^n^tc. ^hfitcTEum^M^^x. o. 

7 mmmx^^^mfHmmmA><bi^mmmK\^\irxm 
mmmmu ( i p- 1 o o o : mm^) icx'omu 

[0 0 4 5] 

[HJS^J21 ttJS^M^ttWgfcjf-^rS 0°C. 4 0%DM 
AC^mWX(D8 O'»(D->^V>—<Ditt>'0iCl 3 Ot© 

j/y^y v^3B$M^^^r7-LfcjjJLi?S}4, ^iswiif^ 

[*»J3] 8 0"C. 4 0%DMAC7K?§?S-e©8 0 5> 
cOi/■t!7-icj;5ttffl)5t^^5^^Tt>/^^^E-^^1-(4, **^J1 

/c^*^« 1 (^*i-„ 

[0 0 4 6] 

[*J£f!|4] JKy^^/l-sJ^^^ltll (T^3 TV 
;^ . yn^'^'^liS. P- 1 7 0 0) 1 7m«:1?-|5. sJ^y 
t-^;ut°D y (f- • • --tx • K- 

8 9) 7fi4g|5. DMAC 7 6S*azi^b?j;5*^-?'*te 
*iJ?f«^1^figLf::„ rw«S*MISItSa»8 Ott-l 6 5 
OmPa • s-e&ofc„ r«0|fe*M«^8 OttcSiofc 

1 5%DMAC®tti^rtJ^i:i;t>{Cy;y 5' mils 
9. 5 unKDm^n^A^hnkiai'. 6 0 c iiiT*{-^(t 
fc5 5t;(D*tfj}i^^L-, 7 Om/m i nT'^tSlo 

fco ^(Dwx mmmi t^m\c-Lx:^'j ^/v:t^>-m^ 

[0 0 4 7] 

>^ • T^n^iJ^ytm p-1 7 0 0) lemm^. ^Ky 

Ifci/Hf D y K>' (If- . . az;^ . az^ttjK^ K- 
8 9) 7. 8fi*g|5. DMAC7 6. 2fi»®d^Fj7'£.5 
:^-^^i^*J[SfRSrf^J*L/c. r ro|)&*J!lMAffitt 7 0 1; 
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(54) POLYSULFONE HOLLOW FIBER TYPE BLOOD PURIFYING MEMBRANE 
AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prepare a polysulfone blood purifying membrane improved in 
biocompalibility, extremely reduced in the elution of polyvinyl pyrrolidone on the inner surface 
side of hollow fiber and improve in separation characteristics. 

SOLUTION: In a polysulfone hollow fiber type blood purifying membrane, a selective 
separation layer having separation function substantially is present on the inner surface side of 
each hollow fiber membrane and contains 1-10 wt.% of polyvinyl pyrrolidone wherein 5-50% 
thereof is soluble in water and the concn. thereof of an inner surface is 30-45%. This polysulfone 
hollow fiber type blood purifying membrzine is a hollow fiber membrzine improved in blood 
compatibility, extremely reduced in the elution of polyvinyl pyrrolidone to a blood side and 
excellent in mol.wt. fractionality. By this constitution, an artificial kidney extremly significant in 
future dialytic treatment can be provided. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Polysulfone system hollow filziment mold blood purification film which the polyvinyl 
pyrrolidone contains one to 10% of the weight, £ind this 5 - 50% of polyvinyl pyrrolidone is 
fusibility at water in the polysulfone system hollow filament mold blood purification film which 
the selection detached core which has isolation substantially exists in a hollow fiber internal- 
surface side, and contains a polyvinyl pyrrolidone, and is characterized by the concentration of 
the polyvinyl pyrrolidone in a hollow fiber internal surface being in 30 to 45% of range. 
[Claim 2] Polysulfone system hollow filament mold blood purification film according to claim 1 
whose concentration of the polyvinyl pyrrolidone in a hollow filament internal surface is 33% to 
40%. 

[Claim 3] The elution volume of the polyvinyl pyrrolidone when carrying out the circulation 
extract of the hollow fiber inside in an alcoholic water solution 40% is 2 Im of film surface 
products. Polysulfone system hollow filament mold blood purification film according to claim 1 
characterized by being 0.5mg or less of hits. 

[Claim 4] Polysulfone system hollow filament mold blood purification film according to claim 1 
characterized by not having the torn gap 0.8 micrometers or more in a hollow fiber internal 
surface. 

[Claim 5] Polysulfone system hollow filziment mold blood purification film according to claim 1 
characterized by the thickness of a selection detached core being 2-15 micrometers. 
[Claim 6] The manufacture approach of the polysulfone system hollow filament mold blood 
purification film characterized by making a part of polyvinyl pyrrolidone in this hollow fiber 
insolubilize by the physicochemical approach after it contains a polysulfone system polymer 15 
to 20% of the weight and the weight ratio of the polyvinyl pyrrolidone to a polysulfone system 
polymer carries out spinning of the hollow fiber using the polymer solution which are 0.25-0.5. 
[CMm 7] The mzinufacture approach of the polysulfone system hollow filament mold blood 
purification film according to claim 6 characterized by irradiating a radiation and making a part 
of polyvinyl pyrrolidone insolubilize after making the hollow fiber behind spinning into the 
damp or wet condition more than percentage of saturate! water content. 
[Claim 8] The manufacture approach of the polysulfone system hollow filament mold blood 
purification film according to claim 6 characterized by extracting and washing a polyvinyl 
pyrrolidone with the solvent or alcohols solvent which is a partially aromatic solvent of the good 
solvent and poor solvent of a polysulfone system polymer about the hollow fiber behind 
spinning, and dissolves a polyvinyl pyrrolidone. 

[Claim 9] The manufacture approach of the polysulfone system hollow filament mold blood 
purification film according to claim 8 characterized by for the good solvent of a polysulfone 
system polymer being dimethylacetamide or/and dimethyl sulfoxide, and the poor solvent of a 



polysulfone system polymer being water. 

[Claim 10] The manufacture approach of the polysulfone system hollow filament mold blood 
purification film according to claim 6 chai-acterized by carrying out extract washing of the 
hollow fiber behind spinning with a 130-160-degree C alcohols solvent. 
[Claim 11] The manufacture approach of the polysulfone system hollow filament mold blood 
purification film according to claim 10 characterized by an alcohols solvent being a glycerol. 
[Claim 12] The manufacture approach of the polysulfone system hollow filament mold blood 
purification film according to claim 6 that viscosity which dissolved the polysulfone system 
polymer and the polyvinyl pyrrolidone in these common solvents is characterized by carrying out 
spinning of the spinning undiluted solution of 1500 - 6000mPa and a second with the rates 1.1- 
1.9 of a draft, and 90 or less m/min of regurgitation linear velocity. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polysulfone system hollow filament mold 
blood purification film and its manufacture approach. In detail, it is related with the polysulfone 
system blood purification film with which haemocompatibility and a separation property were 
improved, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, the ultrafiltration method which is the separation 
technology using a permselectivity demarcation membrane, reverse osmosis, a gas separation 
method, etc. are put in practice use in vzirious kinds of fields, £ind the demarcation membrane 
made from the raw material which fits the various applications respectively is marketed. As a 
raw material of a permselectivity demarcation membrane, polymers, such as a cellulose type, a 
cellulose acetate system, a polyamide system, a polyacrylonitrile system, a polyvinyl alcohol 
system, a polymethylmethacrylate system, a polysulfone system, and a polyolefine system, are 
used. Since physicochemical qualities, such as thermal resistance, acid resistance, alkali 
resistance, and oxidation resistance, are excellent especially, the polysulfone system polymer 
attracts attention also especially as medical application in recent years and an industrial use 
demarcation membrane raw material. 

[0003] However, since a polysulfone system polymer is a hydrophobic raw material, the 
permselectivity demarcation membrane made from this does not have good water wettability 
compared with the permselectivity demarcation membrane made from the hydrophilic polymer. 
For this reason, when it considers as medical application, adsorption of a plasma protein tends to 
take place, £ind since the omission of zdr bubbles is bad, the fault of resulting in blood 
coagulation because the air bubbles which remained into the film activate ejection and a platelet 
into blood is pointed out. 

[0004] Then, the examination for giving a hydrophilic property to the permselectivity 
demarcation membrane which consists of a polysulfone system polymer, and raising water 
wettability is made, and the permselectivity demarcation membrane which made the polysulfone 
system poljmier contain a hydrophilic polymer, and its process are proposed as the one approach. 
However, if there are few contents of a hydrophilic polymer, water wettability will worsen, 
blood coagulation is caused, and when objection has many contents of a hydrophilic poljmier. 



there is a trouble that the elution volume of the hydrophilic polymer from the film after film 
production increases. 

[0005] JP,61-238306,A and 63-97666 - a polysulfone system polymer, a hydrophilic polymer, 
and this polysulfone system polymer — receiving — a non-solvent - or — a swelling agent - 
although the manufacture approach of the polysulfone system demarcation membrane using the 
system which added the additive as a film production undiluted solution is indicated, there is no 
publication of the approach of reducing elution of a hydrophilic polymer. Moreover, by 
performing radiation treatment and/or heat treatment for the polysulfone system demarcation 
membrane manufactured by the above-mentioned approach to JP,63-97205,A, 63-97634, and 
JP,4-300636,A, a hydrophilic polymer is insolubilized and the method of reducing elution of a 
hydrophilic polymer is indicated. However, probably because a hydrophilic polymer 
insolubilizes according to this bridge formation, haemocompatibility worsens. 
[0006] In JP,6-165926,A, processing with the solution which has a poor solvent operation for the 
polysulfone system hollow fiber containing polyglycols and a vinyl-pyrrolidone system polymer 
to rinsing, heat rinsing processing, and this polysulfone system polymer is performed, and the 
method of manufacturing the hollow fiber film is indicated. However, processing with the 
solvent which has this poor solvent operation is peifoiTned at 90 degrees C, and extract clearance 
is not enough. 

[0007] It is related with a spinning draft. To JP,5-54373,B A hydrophobic polymer. Carried out 
spinning of the undiluted solution of hypoviscosity which consists of hydrophilic polymers and 
those common solvents, and were manufactured. The process of the hollow fiber for blood 
processing which contains a hydrophilic polymer one to 10% of the weight, and has 3 - 10% of 
water absorption capacity is indicated. In this It is, when the thing with same rate which comes 
out of the spinneret of a spinning constituent and generated taking over rate of fiber, i.e., the rate 
of a spinning drzift is 1, is desirable. However, when the rate of a draft is 1 actudly, it is difficult 
to raise spinning speed. If the discharge quEintity of an undiluted solution is raised in order to 
raise spinning speed, the regurgitation linear velocity of that the pressure loss of a spinneret 
becomes large and a spinning undiluted solution will increase, and problems, like that become 
easy to produce the regurgitation unevenness of a spinning undiluted solution, and spinning 
becomes instability and membrane structure is confused will arise. Moreover, although it is that a 
nozzle draft is usually set as the range of 2-5 in JP,6-165926,A since structure will become 
instability if a nozzle draft is enlarged extremely or it is made small, if the rate of a draft exceeds 
2, it will become the structure where the hollow filziment internal surface was torn, and troubles, 
such as becoming easy to leak the albumin which is useful protein, are pointed out. 
[0008] In recent years, as a cause of dialysis complication, low-molecular proteins, such as 
beta2-microglobulin (beta2-MG), are mentioned, and highly efficient peraieable membrane 
which can remove these from blood efficiently is desired. In the above-mentioned Prior art, 
sufficient exEimination to fractionation nature is not made £ind it is not necessarily a satisfaction 
**** thing. That is, it is because leak of useful proteins, such as albumin, will pose a problem if 
the membranous transparency engine performance is improved in order to improve clearance of 
low-molecular protein. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention cancels the trouble of the conventional 
technique, improves haemocompatibility, and there is very little elution of the polyvinyl 
pyrrolidone by the side of the internal surface of a hollow fiber, and, moreover, it aims at 
offering the polysulfone system blood purification film which improved the membranous 



separation property, and its manufacture approach. 
[0010] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly that this invention 
persons should attain the above-mentioned technical problem, in the hollow filament-like 
polysulfone system hollow filament mold blood purification film containing a polyvinyl 
pyrrolidone (henceforth PVP), by making a part of PVP into a condition insoluble in water, and 
making suitable PVP concentration of a hollow fiber internal surface, there was little elution of 
PVP from an internal surface, it was excellent in haemocompatibility, and found out that a pure 
hollow fiber could moreover be offered. Moreover, by extracting PVP with a suitable solvent, 
the hollow fiber was washed and elution of PVP from an internal surface found out still fewer 
things for which a pure hollow fiber can be offered. Furthermore, while the thickness with the 
effectiveness which screens a solute molecule from the spinning undiluted solution which has 
suitable viscosity substantially in the film by carrying out spinning at the suitable rate of a 
spinning draft of a selection detached core was appropriately controllable, it tears to a hollow 
fiber internal surface, there is no stmcture, and it found out that the sharp polysulfone system 
blood purification film of the fractionation nature which can perform clearance of an undesired 
substance and recovery of the useful matter efficiently could be offered. 

[001 1] That is, in the polysulfone system hollow filament mold blood purification film which the 
selection detached core in which this invention has isolation substantially exists in a hollow fiber 
internal- surface side, and contains a polyvinyl pyrrolidone, it contains 10% of the weight, and 5 
of this polyvinyl pyrrolidone thru/or 50% are fusibility at water, and a polyvinyl pyrrolidone is 
the polysulfone system blood purification film characterized by 1 thm/or the concentration of the 
polyvinyl pyrrolidone of an internal surface being in 30 to 45% of range. 

[0012] After this invention contains a polysulfone system polymer 15 to 20% of the weight again 
and the weight ratio of the polyvinyl pyrrolidone to a polysulfone system polymer carries out 
spinning of the hollow fiber using the polymer solution which are 0.25-0.5, it is the mzinufacture 
approach of the polysulfone system hollow filament mold blood purification film characterized 
by making a part of polyvinyl pyrrolidone in this hollow fiber insolubilize by the 
physicochemical approach. 

[0013] The manufacture approach of the polysulfone system blood purification film 
characterized by this invention extracting and washing a polyvinyl pyrrolidone with the solvent 
or alcohols solvent which is a partially aromatic solvent of the good solvent and poor solvent of a 
polysulfone system polymer about the hollow fiber behind spinning, and dissolves a polyvinyl 
pyrrolidone further, The viscosity which dissolved the polysulfone system polymer and the 
polyvinyl pyrrolidone in these common solvents and the spinning undiluted solution of 1500 - 
6000mPa and a second It is the manufacture approach of the polysulfone system hollow filament 
mold blood purification film characterized by carrying out spinning with the rates 1.1-1.9 of a 
drzift, £ind 90 or less m/min of regurgitation linear velocity. This invention is explained below at a 
detail. 

[0014] The polysulfone system polymer said by this invention is [Formula 1] when an example 
is given, although it is especially the generic name of the macromolecule connective which has 
sulfone association and is not limited. 

0 CH3 

O CH3 



[Formula 2] 

0 




It is marketed widely, and since acquisition is also easy, the polysulfone system poljoner resin 
which is alike and has the repeat unit shown is used preferably. It is the brand name of 
"YUDERU" from the Amoco performance products company, and from BASF, it is marketed by 
the brand name of an "ultra zone", and, as for the polysulfone resin with the former structure, 
some classes exist with polymerization degree etc. 

[0015] Moreover, PVP of this invention is the water-soluble high molecular compound to which 
vinyl polymerization of the N-vinyl pyrrolidone was carried out, and is the brand name of a "plus 
boss" in insertion sequence Py, and is marketed by the brzind name of "KoUidon" from BASF, 
and has the polyvinyl pyrrolidone of some molecular weight, respectively. If the PVP content in 
a hollow fiber is low, since the PVP concentration of the hollow fiber internal surface in contact 
with blood will not go up but a membranous hydrophilic property will worsen, blood coagulation 
becomes easy to happen when blood is contacted. Moreover, dthough what is necessary is just to 
make high PVP concentration in the polymer solution used for spinning in order to enlzirge the 
PVP content in a hollow fiber so that it may mention later, the viscosity of a polymer solution 
also goes up and spinning becomes impossible. For this reason, in this invention, PVP is 
contained in a hollow fiber in 1 - 10% of the weight of the rzinge in a hollow fiber. It is 2.5 - 8% 
of the weight of the range preferably. 

[0016] The PVP content in a hollow fiber is easily computable with the elemental-analysis value 
of nitrogen and sulfur. Moreover, thermal cracking gas chromatography can analyze a hollow 
fiber, and it can ask easily also by analyzing the peak of the PVP origin. PVP is a polymer which 
is easy to melt into water, and is easily eluted into water or blood from a ho]]ow fiber. Although 
the elution from a hollow fiber will be thoroughly lost if all PVP to contain is insolubilized, the 
hydrophilization effectiveness on the front face of the film also becomes weak. For this reason, 
they are 5 of the whole quantity which is made to insolubilize a part of PVP according to bridge 
formation, and contains PVP of fusibility in water in this invention at a hollow fiber thru/or 50%. 
If it is in this range, the elution from a hollow fiber will also be suppressed and the 
hydrophilization effectiveness on the front face of the film will also be maintained. 
[0017] The amount of PVP of fusibility is the amount of PVP in the film which has not 
insolubilized according to bridge formation, and water is asked for it as follows. That is, a 
hollow fiber is thoroughly dissolved by the N-methyl-2-pyrrolidone. Subsequently, water is 
added in this polymer solution and a polysulfone system polymer is settled. The quantum of the 
amount of PVP in the digestive liquor obtained is carried out with liquid chromatography after 
standing. A factor important for the haemocompatibility of a hollow fiber is a hydrophilic 
property on the front face of the film, and the PVP concentration of a film internal surface is 
important for it in the polysulfone system hollow fiber containing PVP. When surface PVP 
concentration is too low, a film front face shows hydrophobicity, a plasma protein tends to 
adsorb, and the coagulation of blood also tends to take place. That is, haemocompatibility serves 
as a defect. Conversely, if surface PVP concentration is too high, the elution volume to the blood 
of PVP etc. will increase and the result which is not desirable will be given for the object and 



application of this invention. Therefore, the concentration of the film internal surface PVP in this 
invention is 30% - 45% of range, and is 33% - 40% preferably. 

[0018] The PVP concentration of a hollow fiber internal surface is determined by X-ray 
photoelectron spectroscopy (ESCA). That is, after measurement of ESCA of a hollow fiber 
internal surface arranges a sample in on a double-sided tape, a cutter cuts it open to fiber shaft 
orientations, and it puts in order what was extended so that the inside of a hollow fiber might 
become a table, is made into a sample, and is measured by the usual approach. That is, it asks for 
the surface concentration (A) of nitrogen, and sulphuric surface concentration (B) from the 
integrated intensity of Nls and an S2p spectrum Cls £ind 01s using the relative sensitivity 
coefficient of equipment attachment, and is surface PVP concentration =Axl00/(Axlll+Bx442). 
Surface PVP concentration is computed more. 

[0019] Elution of PVP from a hollow fiber is estimated by this invention by the elution volume 
when carrying out the circulation extract of the hollow fiber inner surface in an ethanol water 
solution 40%. A hollow fiber is included in a module, and it circulates through an ethanol water 
solution at 37 degrees C 40% to a blood side for 4 hours, and, specifically, is evaluated by 
measuring the amount of PVP extracted. Although 37-degree C blood is suitable, since past [ a 
minute amount ] and the interfering substance have much eluted hydrophilic macromolecule as 
an extract medium, the quantum of PVP extracted is difficult. Moreover, as an extract medium, 
the extract force of water is weak and the quantum of PVP extracted is difficult. 40% ethanol 
water solution is suitable as an extract medium. 

[0020] In this invention, a part of PVP is made to insolubilize according to bridge formation as 
mentioned above, and the elution from a hollow fiber is controlled. Furthermore, the elution 
volume of the polyvinyl pyrrolidone when elution of PVP from a hollow fiber being controlled 
and carrying out the circulation extract of the hollow fiber inside in an alcoholic water solution 
40% in this invention, is 2 Im of film surface products. It is more desirable that it is 0.5mg or 
less of hits. Such a hollow fiber can be obtdned as follows. 

[0021] The polysulfone system hollow filament mold blood purification film of this invention is 
produced by the dryness-and-moisture type spinning method mentioned later. It is eating into 
PVP and (b) polysulfone system polymer particle which exist in the film just behind spinning 
between (a) polysulfone system polymer particles, and are easily removed by processing of 
rinsing or heat rinsing weakly, and in processing of rinsing or heat rinsing, although it is hard to 
remove, it is presumed that PVP which can be eluted, and PVP by which extract clearance is not 
carried out by eating into (c) polysulfone system polymer particle exist. By the Prior art, even if 
it can carry out the washing clearance of (a) type PVP, clearance of (b) type PVP is considered 
that are not enough, for this reason PVP which has not insolubilized from the film of a under [ an 
activity ] is eluted gradually. In this invention, in order to decrease elution of PVP from the film, 
the approach of carrying out washing clearance of (b) type PVP as much as possible is proposed. 
[0022] The 1st approach of washing clearzince of this invention is the approach of washing the 
polysulfone system hollow fiber which produced the film with the good solvent of a polysulfone 
system poljmier, and the mixed solvent of a poor solvent. As a matter of course, this partially 
aromatic solvent dissolves PVP which that mixing ratio is set as the range in which a polysulfone 
system poljmier is not dissolved, and has not insolubilized. With such a mixed solvent, by 
causing a swelling operation in a polysulfone system polymer particle, softening the polysulfone 
system poljmier of a film surface, and improving the floating diffusibility of PVP etc., the inside 
of the film can be defecated by drawing out PVP from a polysulfone system polymer particle and 
the interior of a compact layer, consequently it is thought that elution can be reduced to altitude. 



[0023] dimethylacetamide (henceforth DMAC), a N-methyl-2-pyrrolidone, dimethyl sulfoxide 
(henceforth DMSO), dimethylformamide, etc. can be illustrated, and independent as a good 
solvent of a polysulfone system polymer used by the 1st approach, - or it is mixed and used. 
DMAC and/or DMSO are used preferably especially. Moreover, as a poor solvent of a 
polysulfone system polymer, although water, isopropyl alcohol, ethanol, propyl propylene 
glycol, tetraethylene glycol, etc. can be illustrated, water is used preferably especially. Although 
the mixing ratio of the good solvent and poor solvent of this polysulfone system polymer does 
not generally have ********** since conditions change with the classes or processing 
temperature of a solvent, it is desirable to use the good solvent of a polysulfone system polymer 
as 30 - 95 % of the weight. For example, 30 - 60% of the weight of a DMAC water solution, 30 - 
60% of the weight of N-methyl pyrrolidone water solution, 50 - 95% of the weight of a DMSO 
water solution, etc. are used, moreover, the good solvent of a polysulfone system polymer and 
the poor solvent of a polysulfone system polymer — independent ~ it is not necessary to use it ~ 
each of two sorts or the good solvent beyond it, or a poor solvent - the mixed solution of 
mixture is sufficient. Although the temperature of arbitration is sufficient as it, when using the 
water solution of the good solvent of a polysulfone system polymer, below the boiling point of 
water is desired on actuation, it is the rzinge where 10-98 degrees C is desirable, processing 
temperature has still more desirable 30-98 degrees C, £ind 50-95 degrees C is desirable [ 
temperature ]. 

[0024] The 2nd approach of washing clearance of this invention is the approach of washing the 
polysulfone system hollow fiber which produced the film with a hot alcohols solvent. The 
polysulfone system polymer particle which constitutes the film swells, and while PVP 
incorporated weakly becomes easy to separate, the diffusion rate of PVP becomes large. For this 
reason, in processing of rinsing or heat rinsing, it is presumed that washing clearance of PVP 
which is hard to remove is carried out. Therefore, when processing temperature is low, washing 
removing becomes inadequate, the higher one is desired, but if too high, chzinge of membrane 
structure will take place and membraneous ability will be changed. For this reason, in this 
invention, washing processing at 130-160 degrees C is desired. It is 135-155 degrees C 
preferably, and is 140-150 degrees C still more preferably. 

[0025] Although the alcohols solvent which can be used by this invention is the good solvent of 
PVP and all the things that have a swelling operation to a polysulfone system polymer are raised, 
the alcohols solvent which has the boiling point or the decomposition point 130 degrees C or 
more from the simple nature of actuation £ind equipment is desirable. A glycerol is used 
preferably especially. Little direction is desirable, and the moisture regain of an alcohols solvent 
can recommend 5% or less, is desirable, and is still more desirable. [ 0.5% or less of ] [ 1% or 
less of ] It is not necessary to let the process of rinsing or heat rinsing pass beforehand, and to 
use PVP which is easy to be removed, and the thing which removed the solvent of a spinning 
undiluted solution as a polysulfone system hollow fiber which the 1st approach and 2nd 
approach produced. Even if the solvent of a spinning undiluted solution remains, it is guessed 
that it is also more effective for washing clearzince of PVP to be in the condition that the film 
expanded. 

[0026] Moreover, the 1st approach and 2nd approach can illustrate the following approach as an 
art. (1) Make the temperature of arbitration heat this film in the condition of having made the 
penetrant remover immersed. (2) Make the film immersed in the penetrant remover adjusted to 
laying temperature. (3) Carry out the shower of the penetrant remover adjusted to laying 
temperature to the film. (4) Make it run the film in the penetrant remover adjusted to laying 



temperature. What is necessary is to be possible and just to contact enough the penetrant remover 
by which the polysulfone system hollow fiber which produced the film in short was adjusted to 
laying temperature by any approach. By the approach of (1) - (3) which changes with arts and 
serves as batch operation, 10 minutes or more of the processing time are desirable, and it is still 
more desirable. [ of 30 minutes or more ] Moreover, in (4) used as consecutive operation, it is 
required for the residence time to be 15 seconds or more, and 20 seconds or more are still more 
desirable. It is desirable to carry out washing clearance of the solvent used after processing by 
rinsing, heat rinsing, etc. as a matter of course. 

[0027] When the internal surface of the polysulfone system hollow filament mold blood 
purification film of this invention is observed with a scanning electron microscope, the fibrous 
polysulfone system polymer (fibril) forms the structure where it has gathered together with 
hollow filament fiber shaft orientations, and there is a gap between fibrils in some places. 
Between this fibril is torn by the conditions of film production, and that gap becomes large 
according to them so that it may mention later. In the hollow fiber which has such an internal 
surface, while surface smooth nature is lost and haemocompatibility worsens, the clearance 
nature of a solute molecule is also affected bad. For this reason, in the hollow fiber of this 
invention, a hollow fiber internal surface is expected not to have the torn gap 0.8 micrometers or 
more. 

[0028] It opts for sieving of a solute molecule with solute molecular size and the magnitude of a 
membranous hole. That is, although a solute molecule smaller than a membranous aperture can 
penetrate the film, a bigger solute molecule than a membranous aperture cannot be penetrated. 
Although sieving of a solute molecule breaks out by this principle, when membrane structure is 
the uneven film and an aperture becomes small in the direction of a film cross section, sieving 
takes place by the selection detached core as used in the field of this invention. Generally, the 
selection detached core as used in the field of [ by the way a film aperture is smdl, therefore ] 
this invention of structure with a precise polymer part can be deciphered from the transmission 
electron microscope image of a film cross section. That is, it asks for the rate (ratio of organized 
labor) that perform a break and image analysis by fixed width of face, and a polymer part 
occupies the image of the transmission electron microscope of a film cross section. If this 
actuation is turned to a hollow fiber outside and performed from the hollow fiber inside, 
distribution of the ratio of organized labor in the direction of a hollow fiber membrane cross- 
section will become clear. Pore size distribution was in the film so that it might mention later, 
but when image andysis of the selection detached core was carried out having used width of face 
of image analysis as 0.5-1.0 micrometers by this invention in consideration of it, from the highest 
value of a ratio of organized labor, it was defined as the part in less than 30% of range, and the 
thickness was measured. 

[0029] A membranous fractionation property is explained by the multilayer- structure model. 
That is, the structure in which the layer of a large number which sliced the film (vertically [ as 
opposed to / Therefore / a film cross section ]) to parallel to the film surface carried out the 

laminating is assumed. A solute molecule is screened for every layer of this, and I think that 
multistage filtration is performed by the whole film. Although average apertures differ for every 
layer, since the aperture in the layer has distribution when one layer is taken up, there is not 
effectiveness which a solute screens but only the layer of min [ aperture / average ] can catch the 
big solute molecule through which the layer to which the average aperture became large a little 
has also passed. In other words, the solute molecule with which the average aperture has passed 
through the big place of an aperture in the small layer is fully caught with a hole with size 



smaller than a solute molecule, although the average aperture became a little large. Therefore, as 
a selection detached core, even the layer [ layer / min / aperture / average ] to which it became 
large a little is effective. 

[0030] The thickness of a selection detached core is important for the sharpness of a 
fractionation property. If a little average aperture tends to be raised and it is going to improve 
permeability of the clearance matter when a selection detached core is thin, it will become easy 
to penetrate the albumin which is a useful plasma protein. If distribution of an aperture is in a 
selection detached core and an average aperture is raised, it will be guessed for the holes which 
can penetrate albumin according to it also increasing in number. Since there is no another 
selection detached core which catches the albumin once leaked from the big part of an aperture 
when a selection detached core is thin, the film will be penetrated as it is. Moreover, also when a 
structure defect arises in a selection detached core under the effect of slight fluctuation of 
spinning conditions etc., leak of the amount matter of macromolecules becomes remarkable 
especially. On the other hand, about membrane structure, when a selection detached core is thick, 
even if comparatively loose, if the thickness is thick, there will be little leak of albumin, namely, 
a molecular weight fractionation property will become Sharp. Since the membranous selection 
detached core is thick as for this, even if dbumin penetrates in one layer, it is because the 
probability which is caught in some layer of a selection detached core, and penetrates the film as 
a result becomes low. However, since transparency resistance will become large too much if a 
selection detached core is too thick, in this invention, it is required to be 2 micrometers - 15 
micrometers, it is 3 micrometers - 12 micrometers still more preferably, and 5 micrometers - 10 
micrometers are more desirable. 

[0031] Although it may be in the hollow fiber inside, may be located in a cross-section core, or 
may be located on both the hollow fiber inside and the hollow fiber outside or any are sufficient 
as it at a screening efficiency, as for the location of a selection detached core, it is desirable that a 
selection detached core is in the hollow fiber inside in this invention in order to prevent 
encroachment on the film of the protein in the blood leading to plugging of a film inner hole 
generally, since blood is poured by the hollow fiber inside. 

[0032] On the occasion of film production of the polysulfone system hollow filament mold blood 
purification film in this invention, the dryness-and-moisture type film production technique 
which is a technique generally known from before can be used. That is, a polysulfone system 
polymer and PVP are first dissolved in a common solvent at both, and a uniform spinning 
undiluted solution is adjusted. As a common solvent which dissolves such both polysulfone 
system polymers and PVP, the solvent which consists of a solvent of varieties, such as DMAC, 
DMSO, a N-methyl-2-pyrrolidone, dimethylformamide, a sulfolane, and dioxane, or the two or 
more above-mentioned sorts of mixed liquor is mentioned, for example. Moreover, additives, 
such as water, may be added to a spinning undiluted solution for aperture control. 
[0033] Although a big macro void comes to appezir notably inside the film when spinning 
undiluted solution viscosity is too low, in the case of the hollow fiber for blood purification, in 
the hollow fiber which blood coagulation will become easy to happen during hemodialysis, and 
will be used for hemodialysis if many such macro voids exist, it is desirable that there is no 
macro void. As for the macro void said here, the overall diameter says a thing 5 micrometers or 
more among the space in which a polymer does not exist within the film. On the other hand, it 
undiluted solution viscosity becomes high too much, the pressure in front of a spinneret is 
improved too much, and stable spinning becomes impossible. Therefore, in this invention, 1500 - 
6000mPa and a second are required for spinning undiluted solution viscosity, and the range of 



2000 - 4000mPa and a second is desirable. With the viscosity said by this invention, a spinning 
undiluted solution is measured with the viscometer of a rotating type at the spinneret temperature 
and this temperature under film production conditions. 

[0034] Depending on the polysulfone system polymer in the molecular weight of PVP, and a 
spinning undiluted solution and the concentration of PVP, the temperature of a spinning 
undiluted solution, etc., as for the viscosity of a spinning undiluted solution, every factor does 
the serious effect for formation of membrane structure. In this invention, undiluted solution 
viscosity is adjusted to the above-mentioned range by choosing the raw material to be used 
appropriately and setting up the conditions of concentration and temperature. Since membranous 
formation will become difficult if too few, film reinforcement becomes weak too much or 
phenomena, like an aperture will worsen [ spinning nature ] too much small if many [ too ] arise, 
as for the addition of polysulfone system polymer system resin, it is desirable that it is 15 - 20 % 
of the weight, and it is still more desirable that it is 16 - 19 % of the weight. However, what is 
necessary is it not to be absolute that it is this range, and to be also able to enlarge making it 
smaller than this range depending on the description of the hollow fiber made into the object, and 
just to choose the optimal combination suitably, since the shape of membranous changes also by 
changing other spinning conditions. 

[0035] The object which adds PVP to a spinning undiluted solution is making PVP remain in a 
hollow fiber and giving a hydrophilic property to the film. Therefore, the molecular weight of 
PVP to be used is important. That is, when the molecular weight of PVP is too small, since this 
PVP is easily eluted from the film, in order to make PVP required to give a hydrophilic property 
to a hollow fiber remain in a hollow fiber, it is necessary to add a lot of PVP to a spinning 
undiluted solution at the time of the coagulation of a spinning undiluted solution, and washing of 
the obtained hollow fiber, for this reason, K-value with which the one where molecular weight is 
larger is desirable for rdsing the survivd rate to the hollow fiber of PVP, £ind is defined as it by 
the degree type ~ 88-95 ~ 89-94 are preferably good. 
[0036] 
[Formula I] 

_ ^300ClogZ + {C + ISClogZf + l^ClogZ - C 
~ 015C + 0.0(J3C' 

Here, Z is the rate of relative viscosity of the solution of concentration C, and C is the 
concentration of % (weight/capacity). 

[0037] The relative amount of the polysulfone system polymer in a spinning undiluted solution 
and PVP is very importzint when determining the intemzil-surface PVP concentration of the 
hollow fiber obtained. The ratio of the absolute magnitude of the polysulfone system polymer 
which exists in the coagulation side by contact of the liquid in hollow and a spinning undiluted 
solution in the internal surface of a hollow fiber in order that rapid coagulation may start, and 
PVP is because it is fixed to an internal surface as it is. When there are too few weight ratios of 
PVP to the polysulfone system polymer in a spinning undiluted solution, surface PVP 
concentration does not go up. When there are too many weight ratios of PVP, membranous 
reinforcement becomes weak and it becomes impossible moreover, to disregard the elution 
volume of PVP from the film to a polysulfone system poljmier. then, the weight ratio of PVP [ as 
opposed to / when it is going to make PVP concentration of a hollow filament internal surface 
30% - 45%, with the reinforcement beyond the need maintained / the polysulfone system 
polymer in a spinning undiluted solution ] ~ 0.25 thru/or 0.5 ~ it is preferably required 0.3 



thru/or 0.48, and to be 0.35 thru/or 0.45 still more desirably. 

[0038] That what is necessary is for the liquid in hollow to be able to use the coagulation liquid 
which made water or water the subject, and just to decide the presentation etc. according to the 
membraneous ability of the hollow fiber made into the object, although there is no ********** 
generally, generally the mixed solution of the solvent and water which were used for the 
spinning undiluted solution is used suitably. For example, although 0 - 60% of the weight of a 
DMAC water solution etc. is used, it is especially desirable that it is 0 - 40 % of the weight. It 
rolls round, after making the water installed in the spinning port lower part after extruding 
simultaneously the liquid in hollow for facing producing a hollow fiber and making said spinning 
undiluted solution and this spinning undiluted solution solidify from this spinning port using the 
duplex spinning port of a tube in orifice mold in the air and making it run the 20- 80cm free- 
running section immerse and solidify into the coagulation bath made into a subject. 
[0039] the rate of a spinning draft as used in the field of this invention ~ the annular slit of the 
duplex spinning port of a tube in orifice mold ~ it is the value which is the ratio of regurgitation 
linear velocity in case a spinning undiluted solution is breathed out, and the roUing-up rate of a 
hollow fiber, and broke the roUing-up rate by regurgitation linear velocity of a spinning 
undiluted solution from the mouthpiece. In the case of the low rate of a spinning draft, it is 
necessary to make slit width of a spinneret that much narrow. In the case of the hollow fiber for 
blood purification, the range of the thickness usually used is 20-60 micrometers. For this reason, 
when the rate of a spinning draft is low, since the regurgitation linear velocity of an undiluted 
solution will increase and the pressure loss in a spinneret will become large if spinning speed is 
raised, spinning tends to become instability. Moreover, since the regurgitation nonunifoiTnity of 
an undiluted solution arises, the variation in turbulence, permeable ability, and the solute 
transparency engine performance also becomes [ membrane structure ] large. Furthermore, since 
slit width is narrow, problems, like that the dignment of a spinneret becomes difficult and the 
creation of a spinneret itself becomes difficult £ind it becomes high cost are pointed out. On the 
contrary, while it rolls round to the regurgitation linear velocity of the undiluted solution from a 
spinneret, and a hollow filament internal surface will solidify directly under a spinneret when a 
rate is too quick if the rate of a spinning draft is too high namely, it becomes the configuration by 
which the compact layer of a film internal surface was tore by being pull strongly, and since it 
becomes easy to generate the hole which has an extraordinarily big aperture, the leak problem of 
the albumin which is useful protein arises. This problem is stopping undiluted solution viscosity 
low by making high temperature of the spinning undiluted solution into which the presentation of 
a spinning undiluted solution is changed etc., and a certain extent is not enough although it is 
improvable. Therefore, in this invention, 1.1-1.9 are required for the rate of a spinning draft, and 
it is desirable that it is the range of 1.1-1.5. 

[0040] The regurgitation linear velocity of the undiluted solution said here is linear velocity in 
case a spinning undiluted solution is breathed out from a spinneret at the time of spinning, and is 
the value which broke the amount of discharge flow of the spinning undiluted solution per unit 

time amount by the undiluted solution regurgitation cross section of a spinneret. If the 
regurgitation linear velocity of an undiluted solution becomes large, the regurgitation 
nonuniformity of an undiluted solution will become large, the hole which has a big aperture by 
membranous structure nonuniformity will form, and leak of albumin will arise. At this invention, 
the regurgitation linear velocity of an undiluted solution needs to be 90 or less m/min, it is 
desirable that they are 70 or less m/min, and it is more more desirable still that they are 60 or less 
m/min. 



[0041] In order to control a selection detached core, a film production process as shown below is 
important. First, as a result of coagulation's progressing gently since the coagulation force 
becomes weak if the class and concentration of the liquid in hollow are important and make high 
solvent concentration in the liquid in hollow, precise condensation structure cannot be taken but 
a selection detached core becomes **** structure. Next, if the viscosity of a spinning undiluted 
solution is important and viscosity is high, migration of a polysulfone system polymer will be 
suppressed at the time of coagulation, and a selection detached core will become thick compared 
with the case where viscosity is low, under these conditions. Depending on the concentration of 
the polysulfone system polymer in the molecular weight of a hydrophilic macromolecule, and a 
spinning undiluted solution, and a hydrophilic macromolecule, the temperature of a spinning 
undiluted solution, etc., as for the viscosity of a spinning undiluted solution, every factor does 
the serious effect for formation of a selection detached core. Moreover, it is better to raise the 
rate of a spinning draft by the factor also with an important spinning draft, in order to give a 
thick selection detached core. Although there is a solvent used for the distance of the free- 
running section from a spinneret to a coagulation bath, spinneret size, the temperature of a 
coagulation bath, a presentation and spinning speed, and a spinning undiluted solution in 
addition to this, it is necessary to set up the factor which affects formation of a selection detached 
core in consideration of balance with the penetrable ability of a solute, the object, etc. 
[0042] After treatment of the hollow fiber which spinning was carried out as mentioned above 
and rolled round is canied out by the well-known approach. That is, after removing a solvent and 
superfluous PVP by washing by hot water etc. and giving a glycerol if needed, dry heat 
desiccation is carried out. Moreover, after rolling round a hollow fiber, after treatment is not 
canied out, but the approach of rolling round, after carrying out dry heat desiccation, washing by 
hot water etc. and is also within the limits of this invention, an important thing adjusts spinning 
undiluted solution viscosity to 1500 - 6000mPa £ind a second by this invention, the regurgitation 
linear velocity from a spinneret is the conditions of 90 or less m/min, and it is making the rate of 
a spinning draft or less into 1.1 to 1.9. 
[0043] 

[The mode of implementation of invention] Although an example and the example of a 
comparison are used for below and this invention is explained to it at a detail, thereby, this 
invention is not limited at all. The amount of water penetration and sieve multiplier in this 
invention are measured as follows. That is, assembly molding of the mini module (25cm of 
effective length) which consists of 100 dried polysulfone system selection transparency hollow 
fibers was carried out, and the amount of water penetration was measured in the unit of 
ml/Hr/m2 / mmHg with the Floe process also as that of the flow and pressure requirement of 
200mmHg. Then, beta2-MG and the sieve multiplier of albumin were further measured using 
cow plasma. Using ORIENTECTENSILON;RTC -1210, yam reinforcement was pulled until it 
fractured the hollow fiber, £ind it made reinforcement mziximum load which took then. 
[0044] 

[Example 1] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-92) 7 weight section, and the DMAC76 weight section was created. 
This spinning undiluted solution viscosity was 3400 mPa-s at 65 degrees C. having kept this 
spinning undiluted solution at 65 degrees C - the liquid in hollow of 15%DMAC - the slit width 
of 59.5 micrometers — annular — from the mouthpiece, it was immersed in discharge and 
underwater [ which were prepared caudad 60cm / 55-degree C ], and rolled round at the rate of 



70 m/min. Since the discharge quantity of a spinning undiluted solution was adjusted so that the 
hollow fiber thickness at the time of desiccation might be doubled with 45 micrometers, the 
regurgitation linear velocity of an undiluted solution became 49.3 m/min, and the rate of a draft 
was 1.42. The shower of 40% of the weight of the DMAC water solution which warmed the 
acquired hollow fiber bundle at lowering and 85 degrees C was carried out for 80 minutes. Then, 
hot water washing was carried out at 90 degrees C, it was immersed in the glycerol water 
solution 20%, and the glycerol was made to adhere. Subsequently, hot air drying was carried out 
at 75 degrees C for 1 1 hours. Then, the hollow fiber was made immersed in the water solution in 
which 600 ppm of sodium disulfite and 300 ppm of sodium carbonates were dissolved, the 
gamma ray of 25kGy was irradiated, and the polysulfone system blood purification film was 
obtained. The osmium tetroxide water solution dyed the obtained hollow fiber, embedding was 
carried out with the epoxy resin after dehydration, about 60nm ultrathin section was created after 
hardening using ultramicrotome, and TEM (JEM2000FX) observation was performed. The ratio 
of organized labor was measured towards the outside-surface side at intervals of 0.7 micrometers 
using the obtained TEM image with image-analysis equipment (IP-1000: Asahi Chemical Co., 
Ltd. make) from the hollow fiber internal-surface side. A measurement result and a membranous 
assessment result are shown in a table 1. Moreover, the situation of the intemsil surface of this 
film is shown in di'awing 1 . There is no torn structure £ind it has become a smooth front face. 
[0045] 

[Example 2] The polysulfone system blood purification film was obtained like the example 1 
except having carried out the shower of the 130-degree C glycerol for extract washing of a 
hollow fiber for 3 hours instead of 80 degrees C and the shower for 80 minutes in 40%DMAC 
water solution. The obtained result is shown in a table 1. 

[Example 3] The polysulfone system blood purification film was obtained like the example 1 
except not performing extract washing by the shower for 80 degrees C £ind 80 minutes in 
40%DMAC water solution. The obtained result is shown in a table 1. 
[0046] 

[Example 4] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-89) 7 weight section, and the DMAC76 weight section was created. 
This spinning undiluted solution viscosity was 1650 mPa-s at 80 degrees C. having kept this 
spinning undiluted solution at 80 degrees C ~ the liquid in hollow of 15%DMAC ~ the slit width 
of 59.5 micrometers ~ annular — it was immersed in discharge £ind underwater [ which were 
prepared caudad 60cm / 55-degree C ] from the mouthpiece, £ind rolled round by 70 m/min. After 
that, the polysulfone system blood purification film was obtained like the example 1. The 
obtained result is shown in a table 1. 
[0047] 

[Example 5] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 16 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-89) 7.8 weight section, and the DMAC76.2 weight section was 
created. This spinning undiluted solution viscosity was 2500 mPa-s at 70 degrees C. having kept 
this spinning undiluted solution at 70 degrees C - the liquid in hollow of 15%DMAC - the slit 
width of 59.5 micrometers - annular - it was immersed in discharge and underwater [ which 
were prepared caudad 60cm / 55-degree C ] from the mouthpiece, and rolled round by 70 m/min. 
After that, the polysulfone system blood purification film was obtained like the example 1. The 
obtained result is shown in a table 1. 



[0048] 

[Example 6] The unifomi spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-92) 5.5 weight section, and the DMAC78.5 weight section was 
created. This spinning undiluted solution viscosity was 2400 mPa-s at 50 degrees C. having kept 
this spinning undiluted solution at 50 degrees C — the liquid in hollow of 15%DMAC ~ the slit 
width of 59.5 micrometers ~ annular ~ it was immersed in discharge and underwater [ which 
were prepared caudad 60cm / 55-degree C ] from the mouthpiece, and rolled round by 70 m/min. 
After that, the polysulfone system blood purification film was obtained like the example 1. The 
obtained result is shown in a table 1. 
[0049] 

[Example 7] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-89) 6.3 weight section, and the DMAC76.7 weight section was 
created. This spinning undiluted solution viscosity was 2820 mPa-s at 55 degrees C. having kept 
this spinning undiluted solution at 55 degrees C -- the liquid in hollow of 15%DMAC - the slit 
width of 59.5 micrometers - annular - it was immersed in discharge and undemater [ which 
were prepai-ed caudad 60cm / 55-degree C ] from the mouthpiece, and rolled round by 70 m/min. 
After that, the polysulfone system blood purification film was obtained like the example 1. The 
obtained result is shown in a table 1. 
[0050] 

[The example 1 of a comparison] The polysulfone system hemodialysis film was obtained like 
the example 6 except not irradiating a gamma ray. The obtained result is shown in a table 1 . 
[The example 2 of a comparison] It was underwater immersed instead of making a hollow fiber 
immersed in the water solution in which 600 ppm of sodium disulfite £ind 300 ppm of sodium 
carbonates were dissolved, £ind the polysulfone system hemodizilysis film was obtdned like the 
example 6 except having irradiated the gamma ray of 50kGy. The obtained result is shown in a 
table 1. 
[0051] 

[The example 3 of a comparison] a spinning undiluted solution - the liquid in [ 15% of ] hollow 
~ the slit width of 59.5 micrometers ~ annular ~ instead of carrying out the regurgitation from a 
mouthpiece ~ the slit width of 125 micrometers ~ annular ~ the polysulfone system blood 
purification film was obtdned like the exzimple 1 except having made it breathe out from a 
mouthpiece. The obtained result is shown in a table 1. Moreover, the rate of a draft was 3.2 at 
this time. The internal surface of this film has structure torn greatly under the effect of a draft, 
and shows that situation to dravving 2 . 

[The example 4 of a comparison] a spinning undiluted solution — the liquid in hollow of 
15%DMAC ~ the slit width of 59.5 micrometers ~ zinnular ~ instead of carrying out the 
regurgitation from a mouthpiece ~ the slit width of 50 micrometers ~ annular ~ the polysulfone 
system blood purification film was obtained like the example 1 except having made it breathe 
out from a mouthpiece. The obtained result is shown in a table 1 . Moreover, the rate of a draft 
was 1.0 at this time. Although there is no structure which was torn since the internal surface of 
this film has the low draft, it is the effect considered to be the regurgitation nonuniformity of an 
undiluted solution, and structure nonuniformity is seen. The situation is shown in drawing 3 . 
[0052] 

[The example 5 of a comparison] The uniform spinning undiluted solution which consists of the 



polysulfone resin (Amoco performance products company make, P-1700) 17 weight section, the 
polyvinyl-pyrrolidone (BASF make, K-92) 3.5 weight section, and the DMAC79.5 weight 
section was created. This spinning undiluted solution viscosity was 1250 mPa-s at 50 degrees C. 
having kept this spinning undiluted solution at 50 degrees C — the liquid in hollow of 
15%DMAC ~ the slit width of 59.5 micrometers — annular — it was immersed in discharge and 
underwater [ which were prepared caudad 60cm / 55-degree C ] from the mouthpiece, and rolled 
round by 70 m/min. After that, the polysulfone system blood purification film was obtained like 
the example 1. The obtained result is shown in a table 1. 
[0053] 
[A table 1] 
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[0054] Residual blood assessment was carried out about the hollow fiber of examples 1-7 and the 
examples 1-5 of a comparison. That is, 120 hollow fibers of 16cm length were constructed to the 
module, and 20ml of physiological salines washed. Then, the blood taken out from the dog 
carotid artery through the peristaltic pump was shunted toward the hollow filziment inside ten by 
2ml flow rate for /. After extruding blood by 5ml of physiological salines, the module was 
disassembled and the degree of residual blood was evaluated. Consequently, by the hollow 
filament of the examples 2 and 3 of a comparison, and 5**, although residual blood was 
accepted, it remained [ whether there is almost any residual blood and ] in the hollow fiber of the 
other examples of a comparison, and an example a little. 
[0055] 

[Effect of the Invention] As stated above, the polysulfone system blood purification film of this 
invention improves haemocompatibility, and there are very few elution volumes of the polyvinyl 
pyrrolidone by the side of blood, and it is the hollow fiber which was excellent in molecular 
weight fractionation nature further. By this invention, a very significant artificial Iddney can be 
offered in future dialysis treatment. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the polysulfone system hollow filament mold 
blood purification film and its manufacture approach. In detail, it is related with the polysulfone 
system blood purification film with which haemocompatibility and a separation property were 
improved, and its manufacture approach. 



PRIOR ART 



[Description of the Prior Art] In recent years, the ultrafiltration method which is the separation 
technology using a permselectivity demarcation membrane, reverse osmosis, a gas separation 
method, etc. are put in practical use in various kinds of fields, and the demarcation membrane 
made from the raw material which fits the various applications respectively is marketed. As a 
raw material of a permselectivity demarcation membrane, polymers, such as a cellulose type, a 
cellulose acetate system, a polyamide system, a polyacrylonitrile system, a polyvinyl alcohol 
system, a polymethylmethacrylate system, a polysulfone system, and a polyolefine system, are 
used. Since physicochemical qualities, such as thermal resistance, acid resistance, alkali 
resistance, and oxidation resistance, are excellent especidly, the polysulfone system polymer 
attracts attention also especially as medicd application in recent years £ind an industrid use 
demarcation membrane raw material. 

[0003] However, since a polysulfone system polymer is a hydrophobic raw material, the 
permselectivity demarcation membrane made from this does not have good water wettability 
compared with the permselectivity demarcation membrane made from the hydrophilic polymer. 
For this reason, when it considers as medical application, adsorption of a plasma protein tends to 
take place, and since the omission of air bubbles is bad, the fault of resulting in blood 
coagulation because the zdr bubbles which remdned into the film activate ejection £ind a platelet 
into blood is pointed out. 

[0004] Then, the examination for giving a hydrophilic property to the permselectivity 
demarcation membrane which consists of a polysulfone system polymer, and raising water 
wettability is made, and the permselectivity demarcation membrane which made the polysulfone 
system poljTner contain a hydrophilic polymer, and its process are proposed as the one approach. 
However, if there are few contents of a hydrophilic polymer, water wettability will worsen, 
blood coagulation is caused, and when objection has many contents of a hydrophilic polymer, 
there is a trouble that the elution volume of the hydrophilic polymer from the film zifter film 
production increases. 

[0005] JP,61-238306,A and 63-97666 - a polysulfone system polymer, a hydrophilic polymer, 
and this polysulfone system polymer — receiving -- a non-solvent - or — a swelling agent - 
although the manufacture approach of the polysulfone system demarcation membrane using the 
system which added the additive as a film production undiluted solution is indicated, there is no 
publication of the approach of reducing elution of a hydrophilic polymer. Moreover, by 
performing radiation treatment and/or heat treatment for the polysulfone system demarcation 
membrane manufactured by the above-mentioned approach to JP,63-97205,A, 63-97634, and 
JP,4-300636,A, a hydrophilic polymer is insolubilized and the method of reducing elution of a 
hydrophilic polymer is indicated. However, probably because a hydrophilic polymer 
insolubilizes according to this bridge formation, haemocompatibility worsens. 
[0006] In JP,6-165926,A, processing with the solution which has a poor solvent operation for the 
polysulfone system hollow fiber containing polyglycols and a vinyl-pyrrolidone system polymer 



to rinsing, heat rinsing processing, and this polysulfone system polymer is performed, and the 
method of manufacturing the hollow fiber film is indicated. However, processing with the 
solvent which has this poor solvent operation is performed at 90 degrees C, and extract clearance 
is not enough. 

[0007] It is related with a spinning draft. To JP,5-54373,B A hydrophobic polymer. Carried out 
spinning of the undiluted solution of hypoviscosity which consists of hydrophilic polymers and 
those common solvents, and were manufactured. The process of the hollow fiber for blood 
processing which contains a hydrophilic polymer one to 10% of the weight, and has 3 - 10% of 
water absorption capacity is indicated. In this It is, when the thing with same rate which comes 
out of the spinneret of a spinning constituent and generated taking over rate of fiber, i.e., the rate 
of a spinning draft is 1, is desirable. However, when the rate of a draft is 1 actually, it is difficult 
to raise spinning speed. If the discharge quantity of an undiluted solution is raised in order to 
raise spinning speed, the regurgitation linear velocity of that the pressure loss of a spinneret 
becomes large and a spinning undiluted solution will increase, and problems, like that become 
easy to produce the regurgitation unevenness of a spinning undiluted solution, and spinning 
becomes instability and membrane stmcture is confused will arise. Moreover, although it is that a 
nozzle draft is usually set as the range of 2-5 in JP,6-165926,A since structure will become 
instability if a nozzle draft is enlarged extremely or it is made small, if the rate of a draft exceeds 
2, it will become the structure where the hollow filament internal surface was torn, and troubles, 
such as becoming easy to leak the albumin which is useful protein, are pointed out. 
[0008] In recent years, as a cause of dialysis complication, low-molecular proteins, such as 
beta2-microglobulin (beta2-MG), are mentioned, and highly efficient permeable membrane 
which can remove these from blood efficiently is desired. In the above-mentioned Prior art, 
sufficient examination to fractionation nature is not made and it is not necessarily a satisfaction 
**** thing. That is, it is because leak of useful proteins, such as dbumin, will pose a problem if 
the membrzinous trzinsparency engine performzince is improved in order to improve clearance of 
low-molecular protein. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, the polysulfone system blood purification film of this 
invention improves haemocompatibility, £ind there are very few elution volumes of the polyvinyl 
pyrrolidone by the side of blood, £ind it is the hollow fiber which was excellent in molecular 
weight fractionation nature further. By this invention, a very significant artificial kidney can be 
offered in future dialysis treatment. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention cancels the trouble of the conventional 
technique, improves haemocompatibility, and there is very little elution of the polyvinyl 
pyrrolidone by the side of the internal surface of a hollow fiber, and, moreover, it aims at 
offering the polysulfone system blood purification film which improved the membranous 
separation property, and its manufacture approach. 



MEANS 



[Means for Solving the Problem] As a result of inquiring wholeheartedly that this invention 
persons should attain the above-mentioned technical problem, in the hollow filament- like 
polysulfone system hollow filament mold blood purification film containing a polyvinyl 
pyrrolidone (henceforth PVP), by making a part of PVP into a condition insoluble in water, and 
making suitable PVP concentration of a hollow fiber internal surface, there was little elution of 
PVP from an internal surface, it was excellent in haemocompatibility, and found out that a pure 
hollow fiber could moreover be offered. Moreover, by extracting PVP with a suitable solvent, 
the hollow fiber was washed and elution of PVP from an internal surface found out still fewer 
things for which a pure hollow fiber can be offered. Furthermore, while the thickness with the 
effectiveness which screens a solute molecule from the spinning undiluted solution which has 
suitable viscosity substantially in the film by carrying out spinning at the suitable rate of a 
spinning draft of a selection detached core was appropriately controllable, it tears to a hollow 
fiber internal surface, there is no stmcture, and it found out that the sharp polysulfone system 
blood purification film of the fractionation nature which can perform clearance of an undesired 
substance and recovery of the useful matter efficiently could be offered. 

[0011] That is, in the polysulfone system hollow filament mold blood purification film which the 
selection detached core in which this invention has isolation substantially exists in a hollow fiber 
internal- surface side, and contains a polyvinyl pyrrolidone, it contains 10% of the weight, £ind 5 
of this polyvinyl pyrrolidone thm/or 50% are fusibility at water, and a polyvinyl pyrrolidone is 
the polysulfone system blood purification film characterized by 1 thru/or the concentration of the 
polyvinyl pyrrolidone of an internal surface being in 30 to 45% of range. 

[0012] After this invention contdns a polysulfone system polymer 15 to 20% of the weight again 
and the weight ratio of the polyvinyl pyrrolidone to a polysulfone system polymer carries out 
spinning of the hollow fiber using the polymer solution which are 0.25-0.5, it is the manufacture 
approach of the polysulfone system hollow filament mold blood purification film characterized 
by making a part of polyvinyl pyrrolidone in this hollow fiber insolubilize by the 
physicochemical approach. 

[0013] The manufacture approach of the polysulfone system blood purification film 
characterized by this invention extracting and washing a polyvinyl pyrrolidone with the solvent 
or alcohols solvent which is a partizilly aromatic solvent of the good solvent and poor solvent of a 
polysulfone system polymer about the hollow fiber behind spinning, and dissolves a polyvinyl 
pyrrolidone further, The viscosity which dissolved the polysulfone system polymer and the 
polyvinyl pyrrolidone in these common solvents and the spinning undiluted solution of 1500 - 
6000mPa and a second It is the manufacture approach of the polysulfone system hollow filament 
mold blood purification film characterized by carrying out spinning with the rates 1.1-1.9 of a 
draft, and 90 or less m/min of regurgitation linear velocity. This invention is explained below at a 
detail. 

[0014] The polysulfone system polymer said by this invention is [Formula 1] when an example 
is given, although it is especially the generic name of the macromolecule connective which has 
sulfone association and is not limited. 




[Formula 2] 

0 




It is marketed widely, and since acquisition is also easy, the polysulfone system polymer resin 
which is alike and has the repeat unit shown is used preferably. It is the brzind name of 
"YUDERU" from the Amoco performance products company, and from BASF, it is marketed by 
the brand name of an "ultra zone", and, as for the polysulfone resin with the former structure, 
some classes exist with polymerization degree etc. 

[0015] Moreover, PVP of this invention is the water-soluble high moleculzir compound to which 
vinyl polymerization of the N- vinyl pyrrolidone was carried out, and is the brand name of a "plus 
boss" in insertion sequence Py, and is marketed by the brand name of "KoUidon" from BASF, 
and has the polyvinyl pyrrolidone of some molecular weight, respectively. If the PVP content in 
a hollow fiber is low, since the PVP concentration of the hollow fiber internal surface in contact 
with blood will not go up but a membranous hydrophilic property will worsen, blood coagulation 
becomes easy to happen when blood is contacted. Moreover, although what is necessary is just to 
make high PVP concentration in the polymer solution used for spinning in order to enlarge the 
PVP content in a hollow fiber so that it may mention later, the viscosity of a polymer solution 
also goes up and spinning becomes impossible. For this reason, in this invention, PVP is 
contained in a hollow fiber in 1 - 10% of the weight of the range in a hollow fiber. It is 2.5 - 8% 
of the weight of the range preferably. 

[0016] The PVP content in a hollow fiber is easily computable with the elemental-analysis value 
of nitrogen and sulfur. Moreover, thermal cracking gas chromatography can analyze a hollow 
fiber, and it can ask easily also by analyzing the peak of the PVP origin. PVP is a polymer which 
is easy to melt into water, £ind is easily eluted into water or blood from a hollow fiber. Although 
the elution from a hollow fiber will be thoroughly lost if all PVP to contain is insolubilized, the 
hydrophilization effectiveness on the front face of the film also becomes weak. For this reason, 
they are 5 of the whole quantity which is made to insolubilize a part of PVP according to bridge 
formation, and contains PVP of fusibility in water in this invention at a hollow fiber thru/or 50%. 
If it is in this range, the elution from a hollow fiber will also be suppressed and the 
hydrophilization effectiveness on the front face of the film will also be maintained. 
[0017] The amount of PVP of fusibility is the amount of PVP in the film which has not 
insolubilized according to bridge formation, and water is asked for it as follows. That is, a 
hollow fiber is thoroughly dissolved by the N-methyl-2-pyrrolidone. Subsequently, water is 
added in this polymer solution and a polysulfone system polymer is settled. The quantum of the 
amount of PVP in the digestive liquor obtained is carried out with liquid chromatography after 
standing. A factor important for the haemocompatibility of a hollow fiber is a hydrophilic 
property on the front face of the film, and the PVP concentration of a film internal surface is 
important for it in the polysulfone system hollow fiber containing PVP. When surface PVP 



concentration is too low, a film front face shows hydrophobicity, a plasma protein tends to 
adsorb, and the coagulation of blood also tends to take place. That is, haemocompatibility serves 
as a defect. Conversely, if surface PVP concentration is too high, the elution volume to the blood 
of PVP etc. will increase and the result which is not desirable will be given for the object and 
application of this invention. Therefore, the concentration of the film intemd surface PVP in this 
invention is 30% - 45% of range, and is 33% - 40% preferably. 

[0018] The PVP concentration of a hollow fiber internal surface is determined by X-ray 
photoelectron spectroscopy (ESCA). That is, after measurement of ESCA of a hollow fiber 
internal surface arranges a sample in on a double-sided tape, a cutter cuts it open to fiber shaft 
orientations, and it puts in order what was extended so that the inside of a hollow fiber might 
become a table, is made into a sample, and is measured by the usual approach. That is, it asks for 
the surface concentration (A) of nitrogen, and sulphuric surface concentration (B) from the 
integrated intensity of Nls and an S2p spectrum Cls and 01s using the relative sensitivity 
coefficient of equipment attachment, and is surface PVP concentration =Axl00/(Axlll-i-Bx442). 
Surface PVP concentration is computed more. 

[0019] Elution of PVP from a hollow fiber is estimated by this invention by the elution volume 
when caiTying out the circulation extract of the hollow fiber inner surface in an ethanol water 
solution 40%. A hollow fiber is included in a module, and it circulates through an ethanol water 
solution at 37 degrees C 40% to a blood side for 4 hours, and, specifically, is evaluated by 
measuring the amount of PVP extracted. Although 37-degree C blood is suitable, since past [ a 
minute amount ] and the interfering substance have much eluted hydrophilic macromolecule as 
an extract medium, the quantum of PVP extracted is difficult. Moreover, as an extract medium, 
the extract force of water is weak and the quantum of PVP extracted is difficult. 40% ethanol 
water solution is suitable as an extract medium. 

[0020] In this invention, a part of PVP is made to insolubilize according to bridge formation as 
mentioned above, and the elution from a hollow fiber is controlled. Furthermore, the elution 
volume of the polyvinyl pyrrolidone when elution of PVP from a hollow fiber being controlled 
and carrying out the circulation extract of the hollow fiber inside in an alcoholic water solution 
40% in this invention, is 2 Im of film surface products. It is more desirable that it is 0.5mg or 
less of hits. Such a hollow fiber can be obtained as follows. 

[0021] The polysulfone system hollow filament mold blood purification film of this invention is 
produced by the dryness-and-moisture type spinning method mentioned later. It is eating into 
PVP and (b) polysulfone system polymer particle which exist in the film just behind spinning 
between (a) polysulfone system polymer particles, and are easily removed by processing of 
rinsing or heat rinsing weakly, and in processing of rinsing or heat rinsing, although it is hard to 
remove, it is presumed that PVP which can be eluted, and PVP by which extract clearance is not 
carried out by eating into (c) polysulfone system polymer particle exist. By the Prior art, even if 
it can carry out the washing clearzince of (a) type PVP, clearzince of (b) type PVP is considered 
that are not enough, for this reason PVP which has not insolubilized from the film of a under [ an 
activity ] is eluted gradually. In this invention, in order to decrease elution of PVP from the film, 
the approach of carrying out washing clearance of (b) type PVP as much as possible is proposed. 
[0022] The 1st approach of washing clearance of this invention is the approach of washing the 
polysulfone system hollow fiber which produced the film with the good solvent of a polysulfone 
system poljmier, and the mixed solvent of a poor solvent. As a matter of course, this partially 
aromatic solvent dissolves PVP which that mixing ratio is set as the range in which a polysulfone 
system polymer is not dissolved, and has not insolubilized. With such a mixed solvent, by 



causing a swelling operation in a polysulfone system polymer particle, softening the polysulfone 
system poljmier of a film surface, and improving the floating diffusibility of PVP etc., the inside 
of the film can be defecated by drawing out PVP from a polysulfone system poljmier particle and 
the interior of a compact layer, consequently it is thought that elution can be reduced to altitude. 
[0023] dimethylacetamide (henceforth DMAC), a N-methyl-2-pyrrolidone, dimethyl sulfoxide 
(henceforth DMSO), dimethylformamide, etc. can be illustrated, and independent as a good 
solvent of a polysulfone system polymer used by the 1st approach, - or it is mixed and used. 
DMAC and/or DMSO are used preferably especially. Moreover, as a poor solvent of a 
polysulfone system polymer, although water, isopropyl alcohol, ethanol, propyl propylene 
glycol, tetraethylene glycol, etc. can be illustrated, water is used preferably especially. Although 
the mixing ratio of the good solvent and poor solvent of this polysulfone system polymer does 
not generally have ********** since conditions change with the classes or processing 
temperature of a solvent, it is desirable to use the good solvent of a polysulfone system polymer 
as 30 - 95 % of the weight. For example, 30 - 60% of the weight of a DMAC water solution, 30 - 
60% of the weight of N-methyl pyrrolidone water solution, 50- 95% of the weight of a DMSO 
water solution, etc. are used, moreover, the good solvent of a polysulfone system polymer and 
the poor solvent of a polysulfone system polymer — independent - it is not necessary to use it - 
each of two sorts or the good solvent beyond it, or a poor solvent - the mixed solution of 
mixture is sufficient. Although the temperature of arbitration is sufficient as it, when using the 
water solution of the good solvent of a polysulfone system polymer, below the boiling point of 
water is desired on actuation, it is the range where 10-98 degrees C is desirable, processing 
temperature has still more desirable 30-98 degrees C, and 50-95 degrees C is desirable [ 
temperature ]. 

[0024] The 2nd approach of washing clearance of this invention is the approach of washing the 
polysulfone system hollow fiber which produced the film with a hot dcohols solvent. The 
polysulfone system polymer particle which constitutes the film swells, and while PVP 
incorporated weakly becomes easy to separate, the diffusion rate of PVP becomes large. For this 
reason, in processing of rinsing or heat rinsing, it is presumed that washing clearance of PVP 
which is hard to remove is carried out. Therefore, when processing temperature is low, washing 
removing becomes inadequate, the higher one is desired, but if too high, change of membrane 
structure will take place and membraneous ability will be changed. For this reason, in this 
invention, washing processing at 130-160 degrees C is desired. It is 135-155 degrees C 
preferably, and is 140-150 degrees C still more preferably. 

[0025] Although the alcohols solvent which can be used by this invention is the good solvent of 
PVP and all the things that have a swelling operation to a polysulfone system polymer are raised, 
the alcohols solvent which has the boiling point or the decomposition point 130 degrees C or 
more from the simple nature of actuation and equipment is desirable. A glycerol is used 
preferably especially. Little direction is desirable, £ind the moisture regain of an alcohols solvent 
can recommend 5% or less, is desirable, and is still more desirable. [ 0.5% or less of ] [ 1% or 
less of ] It is not necessary to let the process of rinsing or heat rinsing pass beforehand, and to 
use PVP which is easy to be removed, and the thing which removed the solvent of a spinning 
undiluted solution as a polysulfone system hollow fiber which the 1st approach and 2nd 
approach produced. Even if the solvent of a spinning undiluted solution remains, it is guessed 
that it is also more effective for washing clearance of PVP to be in the condition that the film 
expanded. 

[0026] Moreover, the 1st approach and 2nd approach can illustrate the following approach as an 



art. (1) Make the temperature of arbitration heat this film in the condition of having made the 
penetrant remover immersed. (2) Make the film immersed in the penetrant remover adjusted to 
laying temperature. (3) Carry out the shower of the penetrant remover adjusted to laying 
temperature to the film. (4) Make it run the film in the penetrant remover adjusted to laying 
temperature. What is necessary is to be possible and just to contact enough the penetrant remover 
by which the polysulfone system hollow fiber which produced the film in short was adjusted to 
laying temperature by any approach. By the approach of (1) - (3) which changes with arts and 
serves as batch operation, 10 minutes or more of the processing time are desirable, and it is still 
more desirable. [ of 30 minutes or more ] Moreover, in (4) used as consecutive operation, it is 
required for the residence time to be 15 seconds or more, and 20 seconds or more are still more 
desirable. It is desirable to carry out washing clearance of the solvent used after processing by 
rinsing, heat rinsing, etc. as a matter of course. 

[0027] When the internal surface of the polysulfone system hollow filament mold blood 
purification film of this invention is observed with a scanning electron microscope, the fibrous 
polysulfone system polymer (fibril) forms the stmcture where it has gathered together with 
hollow filament fiber shaft orientations, and there is a gap between fibrils in some places. 
Between this fibril is torn by the conditions of film production, and that gap becomes leirge 
according to them so that it may mention later. In the hollow fiber which has such an intemd 
surface, while surface smooth nature is lost and haemocompatibility worsens, the clearance 
nature of a solute molecule is also affected bad. For this reason, in the hollow fiber of this 
invention, a hollow fiber internal surface is expected not to have the torn gap 0.8 micrometers or 
more. 

[0028] It opts for sieving of a solute molecule with solute molecular size and the magnitude of a 
membranous hole. That is, although a solute molecule smaller than a membranous aperture can 
penetrate the film, a bigger solute molecule than a membrzinous aperture cannot be penetrated. 
Although sieving of a solute molecule breaks out by this principle, when membrane structure is 
the uneven film and an aperture becomes small in the direction of a film cross section, sieving 
takes place by the selection detached core as used in the field of this invention. Generally, the 
selection detached core as used in the field of [ by the way a film aperture is small, therefore ] 
this invention of structure with a precise polymer part can be deciphered from the transmission 
electron microscope image of a film cross section. That is, it asks for the rate (ratio of organized 
labor) that perform a break and image analysis by fixed width of face, and a polymer part 
occupies the image of the transmission electron microscope of a film cross section. If this 
actuation is turned to a hollow fiber outside and performed from the hollow fiber inside, 
distribution of the ratio of organized labor in the direction of a hollow fiber membrane cross- 
section will become clear. Pore size distribution was in the film so that it might mention later, 
but when image analysis of the selection detached core was carried out having used width of face 
of image £in£ilysis as 0.5-1.0 micrometers by this invention in consideration of it, from the highest 
value of a ratio of organized labor, it was defined as the part in less than 30% of range, and the 
thickness was measured. 

[0029] A membranous fractionation property is explained by the multilayer- structure model. 
That is, the structure in which the layer of a large number which sliced the film (vertically [ as 
opposed to / Therefore / a film cross section ]) to parallel to the film surface carried out the 
laminating is assumed. A solute molecule is screened for every layer of this, and I think that 
multistage filtration is performed by the whole film. Although average apertures differ for every 
layer, since the aperture in the layer has distribution when one layer is taken up, there is not 



effectiveness which a solute screens but only the layer of min [ aperture / average ] can catch the 
big solute molecule through which the layer to which the average aperture became large a little 
has also passed. In other words, the solute molecule with which the average aperture has passed 
through the big place of an aperture in the small layer is fully caught with a hole with size 
smaller than a solute molecule, although the average aperture became a little large. Therefore, as 
a selection detached core, even the layer [ layer / min / aperture / average ] to which it became 
large a little is effective. 

[0030] The thickness of a selection detached core is important for the sharpness of a 
fractionation property. If a little average aperture tends to be raised and it is going to improve 
permeability of the clearance matter when a selection detached core is thin, it will become easy 
to penetrate the albumin which is a useful plasma protein. If distribution of an aperture is in a 
selection detached core and an average aperture is raised, it will be guessed for the holes which 
can penetrate albumin according to it also increasing in number. Since there is no another 
selection detached core which catches the albumin once leaked from the big part of an aperture 
when a selection detached core is thin, the film will be penetrated as it is. Moreover, also when a 
structure defect aiises in a selection detached core under the effect of slight fluctuation of 
spinning conditions etc., leak of the amount matter of macromolecules becomes remarkable 
especially. On the other hand, about membrane structure, when a selection detached core is thick, 
even if comparatively loose, if the thickness is thick, there will be little leak of albumin, namely, 
a molecular weight fractionation property will become Sharp. Since the membranous selection 
detached core is thick as for this, even if albumin penetrates in one layer, it is because the 
probability which is caught in some layer of a selection detached core, and penetrates the film as 
a result becomes low. However, since transparency resistance will become large too much if a 
selection detached core is too thick, in this invention, it is required to be 2 micrometers - 15 
micrometers, it is 3 micrometers - 12 micrometers still more preferably, £ind 5 micrometers - 10 
micrometers are more desirable. 

[0031] Although it may be in the hollow fiber inside, may be located in a cross-section core, or 
may be located on both the hollow fiber inside and the hollow fiber outside or any are sufficient 
as it at a screening efficiency, as for the location of a selection detached core, it is desirable that a 
selection detached core is in the hollow fiber inside in this invention in order to prevent 
encroachment on the film of the protein in the blood leading to plugging of a film inner hole 
generally, since blood is poured by the hollow fiber inside. 

[0032] On the occasion of film production of the polysulfone system hollow filament mold blood 
purification film in this invention, the dryness-and-moisture type film production technique 
which is a technique generally known from before can be used. That is, a polysulfone system 
polymer and PVP are first dissolved in a common solvent at both, and a unifomi spinning 
undiluted solution is adjusted. As a common solvent which dissolves such both polysulfone 
system polymers and PVP, the solvent which consists of a solvent of varieties, such as DMAC, 
DMSO, a N-methyl-2-pyrrolidone, dimethylformamide, a sulfolane, and dioxane, or the two or 
more above-mentioned sorts of mixed liquor is mentioned, for example. Moreover, additives, 
such as water, may be added to a spinning undiluted solution for aperture control. 
[0033] Although a big macro void comes to appear notably inside the film when spinning 
undiluted solution viscosity is too low, in the case of the hollow fiber for blood purification, in 
the hollow fiber which blood coagulation will become easy to happen during hemodialysis, and 
will be used for hemodialysis if many such macro voids exist, it is desirable that there is no 
macro void. As for the macro void said here, the overall diameter says a thing 5 micrometers or 



more among the space in which a polymer does not exist within the film. On the other hand, it 
undiluted solution viscosity becomes high too much, the pressure in front of a spinneret is 
improved too much, and stable spinning becomes impossible. Therefore, in this invention, 1500 - 
6000mPa and a second are required for spinning undiluted solution viscosity, and the range of 
2000 - 4000mPa and a second is desirable. With the viscosity said by this invention, a spinning 
undiluted solution is measured with the viscometer of a rotating type at the spinneret temperature 
and this temperature under film production conditions. 

[0034] Depending on the polysulfone system polymer in the molecular weight of PVP, and a 
spinning undiluted solution and the concentration of PVP, the temperature of a spinning 
undiluted solution, etc., as for the viscosity of a spinning undiluted solution, every factor does 
the serious effect for formation of membrane structure. In this invention, undiluted solution 
viscosity is adjusted to the above-mentioned range by choosing the raw material to be used 
appropriately and setting up the conditions of concentration and temperature. Since membranous 
formation will become difficult if too few, film reinforcement becomes weak too much or 
phenomena, like an aperture will worsen [ spinning nature ] too much small if many [ too ] arise, 
as for the addition of polysulfone system polymer system resin, it is desirable that it is 15 - 20 % 
of the weight, and it is still more desirable that it is 16 - 19 % of the weight. However, what is 
necessary is it not to be absolute that it is this range, and to be also able to enlarge making it 
smaller than this range depending on the description of the hollow fiber made into the object, and 
just to choose the optimal combination suitably, since the shape of membranous changes also by 
changing other spinning conditions. 

[0035] The object which adds PVP to a spinning undiluted solution is making PVP remain in a 
hollow fiber and giving a hydrophilic property to the film. Therefore, the molecular weight of 
PVP to be used is important. That is, when the molecular weight of PVP is too small, since this 
PVP is easily eluted from the film, in order to make PVP required to give a hydrophilic property 
to a hollow fiber remain in a hollow fiber, it is necessziry to add a lot of PVP to a spinning 
undiluted solution at the time of the coagulation of a spinning undiluted solution, and washing of 
the obtained hollow fiber, for this reason, K- value with which the one where molecular weight is 
larger is desirable for raising the survival rate to the hollow fiber of PVP, and is defined as it by 
the degree type ~ 88-95 ~ 89-94 are preferably good. 
[0036] 
[Formula 1] 

_ ^SOOClogZ + {C + l5ClogZf + ISClogZ - C 
~ 015C + 0.003C' 

Here, Z is the rate of relative viscosity of the solution of concentration C, and C is the 

concentration of % (weight/capacity). 

[0037] The relative amount of the polysulfone system polymer in a spinning undiluted solution 
and PVP is very important when determining the internal-surface PVP concentration of the 
hollow fiber obtained. The ratio of the absolute magnitude of the polysulfone system polymer 
which exists in the coagulation side by contact of the liquid in hollow and a spinning undiluted 
solution in the internal surface of a hollow fiber in order that rapid coagulation may start, and 
PVP is because it is fixed to an internal surface as it is. When there are too few weight ratios of 
PVP to the polysulfone system polymer in a spinning undiluted solution, surface PVP 
concentration does not go up. When there are too many weight ratios of PVP, membranous 
reinforcement becomes weak and it becomes impossible moreover, to disregard the elution 



volume of PVP from the film to a polysulfone system polymer, then, the weight ratio of PVP [ as 
opposed to / when it is going to make PVP concentration of a hollow filament internal surface 
30% - 45%, with the reinforcement beyond the need maintained / the polysulfone system 
polymer in a spinning undiluted solution ] — 0.25 thru/or 0.5 — it is preferably required 0.3 
thru/or 0.48, and to be 0.35 thru/or 0.45 still more desirably. 

[0038] That what is necessary is for the liquid in hollow to be able to use the coagulation liquid 
which made water or water the subject, and just to decide the presentation etc. according to the 
membraneous ability of the hollow fiber made into the object, although there is no ********** 
generally, generally the mixed solution of the solvent and water which were used for the 
spinning undiluted solution is used suitably. For example, although 0 - 60% of the weight of a 
DMAC water solution etc. is used, it is especially desirable that it is 0 - 40 % of the weight. It 
rolls round, after making the water installed in the spinning port lower part after extruding 
simultaneously the liquid in hollow for facing producing a hollow fiber and making said spinning 
undiluted solution and this spinning undiluted solution solidify from this spinning port using the 
duplex spinning port of a tube in orifice mold in the air and making it nin the 20- 80cm free- 
running section immerse and solidify into the coagulation bath made into a subject. 
[0039] the rate of a spinning draft as used in the field of this invention - the annular slit of the 
duplex spinning port of a tube in orifice mold — it is the value which is the ratio of regurgitation 
linear velocity in case a spinning undiluted solution is breathed out, and the roUing-up rate of a 
hollow fiber, and broke the roUing-up rate by regurgitation linear velocity of a spinning 
undiluted solution from the mouthpiece. In the case of the low rate of a spinning draft, it is 
necessary to make slit width of a spinneret that much narrow. In the case of the hollow fiber for 
blood purification, the range of the thickness usually used is 20-60 micrometers. For this reason, 
when the rate of a spinning draft is low, since the regurgitation linear velocity of an undiluted 
solution will increase £ind the pressure loss in a spinneret will become Izirge if spinning speed is 
raised, spinning tends to become instability. Moreover, since the regurgitation nonuniformity of 
an undiluted solution arises, the variation in turbulence, permeable ability, and the solute 
transparency engine performance also becomes [ membrane stmcture ] large. FurtheiTnore, since 
slit width is narrow, problems, like that the alignment of a spinneret becomes difficult and the 
creation of a spinneret itself becomes difficult and it becomes high cost are pointed out. On the 
contrary, while it rolls round to the regurgitation linear velocity of the undiluted solution from a 
spinneret, and a hollow filament internal surface will solidify directly under a spinneret when a 
rate is too quick if the rate of a spinning drzift is too high namely, it becomes the configuration by 
which the compact layer of a film internal surface was tore by being pull strongly, and since it 
becomes easy to generate the hole which has an extraordinarily big aperture, the leak problem of 
the albumin which is useful protein arises. This problem is stopping undiluted solution viscosity 
low by making high temperature of the spinning undiluted solution into which the presentation of 
a spinning undiluted solution is chzinged etc., £ind a certdn extent is not enough although it is 
improvable. Therefore, in this invention, 1.1-1.9 are required for the rate of a spinning draft, and 
it is desirable that it is the range of 1.1-1.5. 

[0040] The regurgitation linear velocity of the undiluted solution said here is linear velocity in 
case a spinning undiluted solution is breathed out from a spinneret at the time of spinning, and is 
the value which broke the amount of discharge flow of the spinning undiluted solution per unit 
time amount by the undiluted solution regurgitation cross section of a spinneret. If the 
regurgitation linear velocity of an undiluted solution becomes large, the regurgitation 
nonuniformity of an undiluted solution will become large, the hole which has a big aperture by 



membranous structure nonuniformity will form, and leak of albumin will arise. At this invention, 
the regurgitation linear velocity of an undiluted solution needs to be 90 or less m/min, it is 
desirable that they are 70 or less m/min, and it is more more desirable still that they are 60 or less 
m/min. 

[0041] In order to control a selection detached core, a film production process as shown below is 
important. First, as a result of coagulation's progressing gently since the coagulation force 
becomes weak if the class and concentration of the liquid in hollow are important and make high 
solvent concentration in the liquid in hollow, precise condensation structure cannot be taken but 
a selection detached core becomes **** structure. Next, if the viscosity of a spinning undiluted 
solution is important and viscosity is high, migration of a polysulfone system polymer will be 
suppressed at the time of coagulation, and a selection detached core will become thick compared 
with the case where viscosity is low, under these conditions. Depending on the concentration of 
the polysulfone system polymer in the molecular weight of a hydrophilic macromolecule, and a 
spinning undiluted solution, and a hydrophilic macromolecule, the temperature of a spinning 
undiluted solution, etc., as for the viscosity of a spinning undiluted solution, every factor does 
the serious effect for formation of a selection detached core. Moreover, it is better to raise the 
rate of a spinning draft by the factor also with an important spinning draft, in order to give a 
thick selection detached core. Although there is a solvent used for the distance of the free- 
running section from a spinneret to a coagulation bath, spinneret size, the temperature of a 
coagulation bath, a presentation and spinning speed, and a spinning undiluted solution in 
addition to this, it is necessary to set up the factor which affects formation of a selection detached 
core in consideration of balance with the penetrable ability of a solute, the object, etc. 
[0042] After treatment of the hollow fiber which spinning was carried out as mentioned above 
and rolled round is carried out by the well-known approach. That is, after removing a solvent and 
superfluous PVP by washing by hot water etc. £ind giving a glycerol if needed, dry heat 
desiccation is carried out. Moreover, after rolling round a hollow fiber, after treatment is not 
carried out, but the approach of rolling round, after carrying out dry heat desiccation, washing by 
hot water etc. and is also within the limits of this invention, an important thing adjusts spinning 
undiluted solution viscosity to 1500 - 6000mPa and a second by this invention, the regurgitation 
linear velocity from a spinneret is the conditions of 90 or less m/min, and it is making the rate of 
a spinning draft or less into 1.1 to 1.9. 
[0043] 

[The mode of implementation of invention] Although an exzimple £ind the example of a 
comparison are used for below and this invention is explained to it at a detail, thereby, this 
invention is not limited at all. The amount of water penetration and sieve multiplier in this 
invention are measured as follows. That is, assembly molding of the mini module (25cm of 
effective length) which consists of 100 dried polysulfone system selection transparency hollow 
fibers was carried out, £ind the Eimount of water penetration was measured in the unit of 
ml/Hr/m2 / mmHg with the Floe process also as that of the flow and pressure requirement of 
200mmHg. Then, beta2-MG and the sieve multiplier of albumin were further measured using 
cow plasma. Using ORIENTECTENSILON;RTC -1210. yam reinforcement was pulled until it 
fractured the hollow fiber, and it made reinforcement maximum load which took then. 
[0044] 

[Example 1] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-92) 7 weight section, and the DMAC76 weight section was created. 



This spinning undiluted solution viscosity was 3400 mPa-s at 65 degrees C. having kept this 
spinning undiluted solution at 65 degrees C - the liquid in hollow of 15%DMAC - the slit width 
of 59.5 micrometers — annular — from the mouthpiece, it was immersed in discharge and 
underwater [ which were prepared caudad 60cm / 55-degree C ], and rolled round at the rate of 
70 m/min. Since the discharge quantity of a spinning undiluted solution was adjusted so that the 
hollow fiber thickness at the time of desiccation might be doubled with 45 micrometers, the 
regurgitation linear velocity of an undiluted solution became 49.3 m/min, and the rate of a draft 
was 1.42. The shower of 40% of the weight of the DMAC water solution which warmed the 
acquired hollow fiber bundle at lowering and 85 degrees C was carried out for 80 minutes. Then, 
hot water washing was carried out at 90 degrees C, it was immersed in the glycerol water 
solution 20%, and the glycerol was made to adhere. Subsequently, hot air drying was carried out 
at 75 degrees C for 11 hours. Then, the hollow fiber was made immersed in the water solution in 
which 600 ppm of sodium disulfite and 300 ppm of sodium carbonates were dissolved, the 
gamma ray of 25kGy was irradiated, and the polysulfone system blood purification film was 
obtained. The osmium tetroxide water solution dyed the obtained hollow fiber, embedding was 
carried out with the epoxy resin after dehydration, about 60nm ultrathin section was created after 
hardening using ultramicrotome, and TEM (JEM2000FX) obsei-vation was performed. The ratio 
of organized labor was measured towards the outside-surface side at intervals of 0.7 micrometers 
using the obtained TEM image with image-analysis equipment (IP- 1000: Asahi Chemical Co., 
Ltd. make) from the hollow fiber internal-surface side. A measurement result and a membranous 
assessment result are shown in a table 1 . Moreover, the situation of the internal surface of this 
film is shown in drawing 1 . There is no torn structure and it has become a smooth front face. 
[0045] 

[Example 2] The polysulfone system blood purification film was obtained like the example 1 
except having carried out the shower of the 130-degree C glycerol for extract washing of a 
hollow fiber for 3 hours instead of 80 degrees C and the shower for 80 minutes in 40%DMAC 
water solution. The obtained result is shown in a table 1. 

[Example 3] The polysulfone system blood purification film was obtained like the example 1 
except not performing extract washing by the shower for 80 degrees C and 80 minutes in 
40%DMAC water solution. The obtained result is shown in a table 1 . 
[0046] 

[Example 4] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-89) 7 weight section, and the DMAC76 weight section was created. 
This spinning undiluted solution viscosity was 1650 mPa-s at 80 degrees C. having kept this 
spinning undiluted solution at 80 degrees C ~ the liquid in hollow of 15%DMAC - the slit width 
of 59.5 micrometers — annular — it was immersed in discharge and underwater [ which were 
prepared caudad 60cm / 55-degree C ] from the mouthpiece, £ind rolled round by 70 m/min. After 
that, the polysulfone system blood purification film was obtained like the example 1. The 
obtained result is shown in a table 1 . 
[0047] 

[Example 5] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 16 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-89) 7.8 weight section, and the DMAC76.2 weight section was 
created. This spinning undiluted solution viscosity was 2500 mPa-s at 70 degrees C. having kept 
this spinning undiluted solution at 70 degrees C ~ the liquid in hollow of 15%DMAC ~ the slit 



width of 59.5 micrometers - annular - it was immersed in discharge and underwater [ which 
were prepared caudad 60cm / 55-degree C ] from the mouthpiece, and rolled round by 70 m/min. 
After that, the polysulfone system blood purification film was obtained like the example 1 . The 
obtained result is shown in a table 1 . 
[0048] 

[Example 6] The uniform spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-92) 5.5 weight section, and the DMAC78.5 weight section was 
created. This spinning undiluted solution viscosity was 2400 mPa-s at 50 degrees C. having kept 
this spinning undiluted solution at 50 degrees C — the liquid in hollow of 15%DMAC - the slit 
width of 59.5 micrometers ~ annular ~ it was immersed in discharge and underwater [ which 
were prepared caudad 60cm / 55-degree C ] from the mouthpiece, and rolled round by 70 m/min. 
After that, the polysulfone system blood purification film was obtained like the example 1 . The 
obtained result is shown in a table 1 . 
[0049] 

[Example 7] The unifoiTn spinning undiluted solution which consists of the polysulfone resin 
(Amoco performance products company make, P-1700) 17 weight section, the polyvinyl- 
pyrrolidone (BASF make, K-89) 6.3 weight section, and the DMAC76.7 weight section was 
created. This spinning undiluted solution viscosity was 2820 mPa-s at 55 degrees C. having kept 
this spinning undiluted solution at 55 degrees C ~ the liquid in hollow of 15%DMAC ~ the slit 
width of 59.5 micrometers ~ annular ~ it was immersed in dischzirge £ind underwater [ which 
were prepared caudad 60cm / 55-degree C ] from the mouthpiece, £ind rolled round by 70 m/min. 
After that, the polysulfone system blood purification film was obtained like the example 1. The 
obtained result is shown in a table 1. 
[0050] 

[The example 1 of a comparison] The polysulfone system hemodialysis film was obtained like 
the example 6 except not irradiating a gamma ray. The obtained result is shown in a table 1. 
[The example 2 of a comparison] It was underwater immersed instead of making a hollow fiber 
immersed in the water solution in which 600 ppm of sodium disulfite and 300 ppm of sodium 
carbonates were dissolved, £ind the polysulfone system hemodizilysis film was obtained like the 
example 6 except having irradiated the gamma ray of 50kGy. The obtained result is shown in a 
table 1. 
[0051] 

[The example 3 of a comparison] a spinning undiluted solution ~ the liquid in [ 15% of ] hollow 
- the slit width of 59.5 micrometers — annular - instead of carrying out the regurgitation from a 
mouthpiece — the slit width of 125 micrometers - annular — the polysulfone system blood 
purification film was obtained like the example 1 except having made it breathe out from a 
mouthpiece. The obtdned result is shown in a table 1. Moreover, the rate of a draft was 3.2 at 
this time. The internal surface of this film has structure torn greatly under the effect of a draft, 
and shows that situation to drawin g 2 . 

[The example 4 of a comparison] a spinning undiluted solution - the liquid in hollow of 
15%DMAC - the slit width of 59.5 micrometers — annular — instead of carrying out the 
regurgitation from a mouthpiece — the slit width of 50 micrometers — annular — the polysulfone 
system blood purification film was obtained like the example 1 except having made it breathe 
out from a mouthpiece. The obtained result is shown in a table 1. Moreover, the rate of a draft 
was 1.0 at this time. Although there is no structure which was torn since the internal surface of 



this film has the low draft, it is the effect considered to be the regurgitation nonuniformity of an 
undiluted solution, and structure nonuniformity is seen. The situation is shown in drawing 3 . 
[0052] 

[The example 5 of a comparison] The uniform spinning undiluted solution which consists of the 
polysulfone resin (Amoco performance products company make, P-1700) 17 weight section, the 
polyvinyl-pyrrolidone (BASF make, K-92) 3.5 weight section, and the DMAC79.5 weight 
section was created. This spinning undiluted solution viscosity was 1250 mPa-s at 50 degrees C. 
having kept this spinning undiluted solution at 50 degrees C — the liquid in hollow of 
15%DMAC - the slit width of 59.5 micrometers -- annular — it was immersed in discharge and 
underwater [ which were prepai'ed caudad 60cm / 55-degree C ] from the mouthpiece, and rolled 
round by 70 m/min. After that, the polysulfone system blood purification film was obtained like 
the example 1. The obtained result is shown in a table 1. 
[0053] 
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[0054] Residual blood assessment was carried out about the hollow fiber of examples 1-7 and the 
examples 1-5 of a comparison. That is, 120 hollow fibers of 16cm length were constructed to the 
module, and 20ml of physiological salines washed. Then, the blood taken out from the dog 
carotid artery through the peristaltic pump was shunted toward the hollow filament inside ten by 
2ml flow rate for /. After extruding blood by 5ml of physiological salines, the module was 
disassembled and the degree of residual blood was evaluated. Consequently, by the hollow 
filament of the examples 2 and 3 of a comparison, and 5**, although residual blood was 
accepted, it remained [ whether there is almost any residual blood £ind ] in the hollow fiber of the 
other examples of a comparison, and an example a little. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the image which observed the internal surface of the hollow fiber of an example 
1 with the scanning electron microscope (upper case: 10000 times, lower-berth:30000 time). An 



internal surface is smooth and it is observed that fibrils have gathered together with hollow 
filament fiber shaft orientations. 

rOrawing 2] It is the image which observed the internal surface of the hollow fiber of the 
example 3 of a comparison with the scanning electron microscope (upper case: 10000 times, 
lower-berth:30000 time). An about 2-micrometer gap which was torn is shown in an internal 
surface. 

[Drawing 31 It is the image which observed the internal surface of the hollow fiber of the 
example 4 of a comparison by one 1000 times the scale factor of this with the scanning electron 
microscope. Structure nonunifonnity is seen under the effect considered to be the regurgitation 
nonuniformity of an undiluted solution. The image expanded by 15000 times, respectively is 
shown in the middle and the lower berth, using a dense part as b using as a the part to which 
between fibrils is coarse. 
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[Drawing 31 
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